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PREFACE

This report was prepared by Pacific-Sierra Research Corporation

to describe the methodology for developing combat crew performance

data based on a series of Intermediate Dose Program (IDP) studies

sponsored by the Defense Nuclear Agency (DNA).

Work in this report, sponsored by DNA under contract DNAOOI-85-C-

0352, utilizes the CREW-Ill model to determine the performance level

of combat crew units taking the individual crewmember performance

levels into consideration. Short duration tactical combat engagement

scenarios are specified and performance levels are determined as a

function of dose and time following ionizing radiation exposure.

The authors wish to express their appreciation for the assistance

and cooperation of S. Levin; M. J. Mover of Science Applications

International Corporation, La Jolla, California; and for the direction

and guidance of R. W. Young of DNA.
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SECTION 1

INTRODUCTION

This repcrt is one of a series which provides the documentary

basis of study efforts to quantify the effects of intermediate level

gamma and neutron doses on the combat effectiveness of tactical combat

forces. The effort herein builds on the work of the Intermediate Dose

Program (IDP), where models were developed to determine the expected

performance level of individual soldiers as a function of dose and

time after exposure [Anno, Wilson, and Dore, 1983]. While prior IDP

work characterized the expected performance of individual soldiers.

here that work is extended to small army combat crew units. Four

types of crews selected for this study are shown in Table 1, along

with a brief description of the specific combat engagement action of

each. These crews are all associated with vehicular equipment and

represent a significant portion of the tactical force structure.

The methodology followed in developing combat crew performance

levels is outlined in Fig. 1. There were two specific objectives of

this study. The first was to determine a relationship for the collec-

tive performance of a crew as a function of the performance levels of

each of the crewmembers. For a typical crew with four crewmembers,

the resulting model, as indicated in Fig. I under "Four-dimensional

functional fits," required eight parameters, two each for the fcur

independent variables (crewmember performances). This relationship can

be used in simulation codes such as Ballistic Research Laboratory's

(BRL) AURA [Klopcic and Roach, 1984] to predict battlefield perfor-

mance of a crew for an arbitrary mix of degraded crewmembers. It

applies regardless of the underlying cause of the degraded perfor-

mances, whether due to radiation sickness or some other physical or

psychological trauma.

Given the above crew performance algorithm, the second objective

was to develop a formalism for determining crew performance as a

function of acute dose external to the crew vehicle and time after

exposure. This formalism, as depicted in the lower portion of Fig. I,
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combines a number of factors to yield the desired crew unit

performance. Among these factors are: radiation shielding by the

vehicle, the variability among individuals in expressing symptoms of

rad~ation sickness, the crew performance algorithm, and resultq from

the IDP studies of dose and time-depi.ndent individual crewmember

performance. A complete dose and time-dependent performance surface

was then prepared for each crew type by assuming typical vehicle

shielding factors and averaging over the distribution of symptom

incidence. This set of surfaces is suitable for implementation on

higher level combat simulation codes, such as the JANUS code at

Lawrence Livermore National L:iboratorv (LM4NL) [Blumenthal et al.,

19841.

In this srudv, performance I!; expressed as the ratio of the time

normally required to crmr)plote the s;pecificed combat engagement with

crewmembers un t fecto.d |-i ridiation (the intreial ml assion time) to thll

time reqittired when the performance Ievel of one or more crwc emho-rs is

degraded (slower) from the effrct:s; of radiation. This definition w.va

adopted [Anno, Wilson. and Dore, l'083 in the earlier IDP study of

indi'vidual crrewmembe rs and has the desirable prope rties of aIwai'v

yielding a vale, hberween A:,,ro and one .Aq welI 33 ; being amenAble to

.. mpl Irrical field ma.;ira-m.n .

A% 'co;'bat k ~'g~~I!,~.'L.i:t o a 11iisb~ tl kl : ":f J ano.

til ftldid tldlt I (If'W4i"Ol-t 't l'i th.it illii41 hO' chle llplt tv.d .c-rorotr ill to .i

prfedetvltl'l Illn d 'pIlle'ticl'. lIhi p1et ori- tnce l, t each c riwnimbe r is tN -

presr'wd rq ant italti.lye v ill tv.rmn of thio. tito' t.ikenti to complete hit;

as''i gtied task';. The otrbit r v..;r'r t a' l .u |h * ,1er rie ,lt

from ibotkt 31) '; to I.') miti. ted 'p 'e -'lit crit licl dlt'Itiillns of co¢mb.at

whc. re r r o,•me rh' ir' - i I t eq l1 d to f I ,'lt,;,; I ',' ,,.I ' I e t I .1 ry t- r,'I.11,1111 t ohI

of rt't ' pIl - ,'oco uil ti'k. iii .1 clo'1•r i '.1tt'(d t, im .it lort. A, fI(I I IrI' .

'o;tch I ntetn;p combht vmr,;• rv,,,,menr !; t' Cai. t iit i( , l elmv ntI tl | It .,'t iill-,

thit' oultc ome, of t ' Ic t hit t iE i'll (I. ,

tIll .ti vt , ,• i o n 11h.1t t ,, ýw• wv I' <| .•I,, rh,' •,I htdd I o•v '

,.ruin .'-,d In Fig. 1 ,h,,.',, l ,,,, fo-r h,'* i ';'itlij . ,| i Wet peltou u n'"

If,'.'e,|' for v,,ith ,o f til,' fo ll c •m •,t ' -"• ',11,A : ; rFlt l••rll ''' ' • . i

l ltmerouliq taih)('-. -in'd uli'i'im'; rditerrerid to o he hI 'i'l';lin tihat

pr'ovide d(.tailed h,ickip I iioorm.titi, and data



SECTION 2

ANALYS IS OF EMPI RI CAL 0P*TA

Stutd ies have as~svmb,., a laorge viniaber ot field measuremnents of

the time requir~ied ir trained muit-itarv personnel to perform the tasks

comprising tfilt enigarements desc ribed~ in Table 1. The M60A3 tank data

(Moyer and Lam, 1 1871 were combined with data for three other crew

types: the M109) howitzer, fire direction c-enter (FDC), and 11901

Improved TOW ( tuhv-! iixný-hvd. op--M. 4" 'ii':cakd, ji re-7 aid-1)IN "hi rio

(I TV-TOW) crews IMover a'W4 ono vitae ind Fei-inbc g le 194 Tee Lirat.

were taiken f rom multiIti pI v ropot i t i on,; oft ';rindard operat ton~a Iagao

mont'; by trcal au-d ¾iolIdivi--. A ha oef dwe;"ci pt ion of each engageulint, i s

lauclad~edI it rLfhi(. i . and mov dat.iicl b t '1ascript ions of the specific

tasks iatp rhul~atoo in Appetidii\ A.

The f,o~ail w~as to~' aoe r~at i' n ;aicctar-i 1e dynamic madelI for each crew

tvps, . Tha empiricail data g;athered were sitiltable for stat istic~al

*aaatIonl ti( pr-ovide the fol lowing cri tic~al iniputs to such a model:
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dl It fo- r 4 vt I tid ivt(idna I ;. How-ver. hp-ceasi- -- v a li mited nalmbo.: f`
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Table 2. Structure of empirical-task time measurements.

Crew No. of No. of No. of No. of
Type Tasks Separate Separate Trials

Crew Units Individuals Each

Gun crew 2 -- 1 5 5 a

125 11 33 5

FDC 23 10 30 5

COFT 18 15 30 7 to 12
Tank crew

Live 4 10 1.0 1
24 4 1.0

ITV-TOW crew 7 -- 2 2 0 a & 3 0 a

112 5 10 l0a

aOnly the last 5 trials were used.

expensive, live ordinance, those tasks were not repeated as often. In

Table 2, two rows of numbers are used for all crew types but the FDC.

The upper numbers represent sitiations in which the number of

qualified personnel was limited.

Th3 entry in Table 2 for the M60A3 tank crew is divided in two

because task time measurements of the tank crewmembers were made in

two separate environments. The trany rapidly occurring tasks for the

tank cominanders and gunners required that timings be taken in a stand-

ard tank simulator, the "conduct of fire trainer" (COFT). This

simulator is stationary and does not fire: therefore, the loader and

driver tasks were possibly not realistic representations of an actual

tank environment in some respects. However, a limited number of

loader and driver task timings were taken in real tanks participating

in exercise maneuvers. These exercises included live firing of the

gun. The two subdivisions given for the tank crews in Table 2

6



delineate the tasks and number of trials applicable to each set of

measurements.

The final mean times and variances for these empirical data are

tabulated in Appendix A. Except for the tank crew, these result from

five independent trials by each individual. Where more trials were

available, only the last five were used. Occasionally, an individual

would have only four valid trials; in these cases, the standard

statistical practice was employed of introducing an artificial fifth

trial equal to tht mean of the four valid trials. For the tank crews,

however, all available data were used.

nf 'oncern was the possibility of a "learnin -r-urve" effect in

which a trend towards shorter times would develop with successive

trials by an individual. Correlation tests were performed to deter-

mine if any systematic trend could be found in going from the first to

the fifth trial. Neither a trend toward longer times (due to boredom

with repetitions of the same exercise) nor toward shorter times

(learning curve) was discernible.

The complete lack of any appropriate data on crewmembers in

degraded states was one of the major concerns of this study. In

particular, a method was needed for vstimating the variance about the

mean task times for degraded crewmembers. The solution was to model.

the variance as a tunction of the meatn, assuming the same functional.

form to hold for ,)oth the degraded and undegraded situations.

Let Ti be the normal (undegraded) mean time for completing

task i. Then the performance of a crewmember is defined as p - Ti/ti,

where tj is the longer time roredrod to iccomplish the same task when

the crewmember is in a degraded state. So for a given performance

leveI p, the mean tlme for a degraded c r'ewmember to perform task t is

Just pi - Ti/p. A model for the variance About al is desired. If.

for healthy crewmnembrs, a functional relationship of the form

(72 - f(;A) were found, then we could approximate the degraded variance

bv *issumning:

7
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2 =(1)

norm

A scatter plot of ai versus pi was made for each crew type, and a

combined plot for all four crew types is shown in Fig. 2. It is

immediately obvious that the upward, linear trend is very nebulous.

Grouping tasks according to the type of activity was then

considered. The types chosen were:

1. cognitive,

2. physically demanding.

3. normal.

This partitioning of tasks was suggested by the previous IDP

study, where trends were observed iadicating that certain physically

demanding tasks deviated substantially from the norm. A physically

demanding task is one that would more effectively fatigue a crewmember

compared to other tasks and thus lengthen task performance time.

Similar deviations were also observed for certain FDC tasks which

require intense mental concentration. These "cognitive" tasks are

indicated by a "C" in the column titled "Task Type" in Appendix B. The

physically demandin; tasks are similarly marked with a "P." The

remainder of the tasks are normal and aze unmarked.

Examples of scatter plots of ai versus pi for these activity

groupings are shown in Fig. 3. Again, only a very diffuse trend Is

evident. To assess these results, several statistical tests were

applied, including the student-t and standard error. The results are

summarized in Table 3. where A and B refer to a straight line best fit

of the form a = A + Bp. The results indicate that the activity group-

ings are not sufficiently distinct from one another to justify distin-

guishing between them.

l
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Table 3. Regression results.

Grew Type Tasks SD A B SD(A) SD(B) COV(A,B')

I Gun crew 23 1.1702 1.0741 0.1589 0.4576 0.0572 -0.0222
2 FDC crew 23 0.4979 0.7873 0.0999 0.1271 0.0120 -0.0009
3 Tank crews 20 0.1982 0.1640 0.1943 0.0740 0.0427 -0.0025
4 TOW crew 19 0.5916 0.7269 0.1312 0.2411 0.0344 -0.0068

Standard Error and T-Statistics

Comparisons --- Intercept (A) Slope (B)
Standard Standard

Error Student-T DF Error Student-T DF

Gun crew/FDC crew 0.0990 2.8957 46 0.0122 4.8362. 44
Gun crew/Tank crew 0.0968 9.3975 41 0.0153 2.3204 41
Gun crew/TOW crew 0.1103 3.1476 40 0.0143 1.9345 40
FDC crew/Tank crew 0.0312 19.9523 41 0.0099 9.5576 41
FDC crew/TOW crew 0.0613 0.9845 40 0.0083 3.7845 40
Tank crew/TOW crew 0.0577 9.7523 37 0.0124 5.0963 37

Stress Type Tasks SD A B SD(A) SD(B) COV(A.B)

Cognitive 5 0.3567 1.1004 0.0832 0.2702 0.0125 -0.0027
Demanding [4 0.8310 0.2209 0.2725 0.5364 0.0804 -0.0392.
Normal 66 0.7443 0.4671 0.1859 0.1295 0.0231 -0.0021
All tasks 85 0.8077 0.7029 0.1354 0.1170 0.0152 -0.0012

Standard Error and T-Statistics

Comparisons - Intercept (A) Slope (B) -

Standard Standard
Error Student-T DF Error Student-T DF

Cognitive/Demanding 0.1875 4.6909 17 0.0222 8.5278 17
Cognitive/Normal 0.1219 5.1957 69 0.0063 16.4060 69
Cognitive/All tasks 0.1215 3.2715 88 0.0058 8.9665 88
Demanding/Normal 0.1442 t.7071 78 0.0217 3.9950 78
Demanding/All tasks 0.1439 3. 3 •4 ' 7 0.0215 6.3651 07
Normal/All tasks 0.0204 11.5718 149 ().0033 15.3807 149

NOTE: DF = degrees of freedom.
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Finally, Fig. 4 is a scatter plot of a* versus j4, where

* 1

Ai N in t , (2a)

= NIn ti - (2b)

and where j = 1,2,..., N ranges over trials for task i, and the tij are

measured times. A best-fit, st!-aight horizontal line was fit to this

pattern, and we concluded that such a slope = 0 curve was as good a

fit as any other. Thus. the algorithm for sampling for degraded times

becomes:

Sample random variables, r, from a normal distribution
with mean, u4 - In p, and standard deviation a*;
then, t = exp(r).

This is equivalent to sampling t from a lognormal distribution with

mean,

.2
A(p) = p(p=l)/p = exp(p - In p + a /2) , (3a)

and standard deviation (SD),

O(p) = e2(j*-ln p) + a2* ea'2 -a (3b)

i.e.,

12
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o(p) = o(p=l) Ce- 1

(3c)

- i/p a C(p-1)

This is the desired relationship for a(M). Therefore, an alternative

form of sampling for t, which is equivalent, is:

Sample random variables, t, from a lognormal dis-
tribution with mean, u(p=l)/p, and standard deviation,

O(p=l)/p.
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SECTION 3

DEVELOPING TASK DIAGRAMS

The decomposition of an engagement involving several interacting

crewmembers into a specific set of modular tasks depends on the level

of resolution required. The particular structures chosen for collect-

ing the empirical data were designed to facilitate accurate timings

between natural breakpoints in the action. This is illustrated by

considering the empirical task lists summarized in Appendix A. Task

24 for the M60A3 tank crew commences immediately after the tank com-

mander (TC) orders "backup." The full description states that this

task consists of the driver backing up until the TC orders "stop,"

whereupon the driver stops and parks the tank. Here two different

individuals are involved, and three distinct actions must be performed

in sequence, i.e., an action by the driver, then an order from the TC,

followed by a final action by the driver. For an accurate simulation

in which the TC and driver may be in very different degradation

states, the distinction between the t'*ree components of this "task"

can be significant. A similar situation arises in several of the

other empirical tasks.

As a consequence, many of the empirical tasks were subdivided

into two or more simulation tasks for incorporation into the final

task diagrams. This, in turn, necessitated distributing the mean task

time and the associated variance among the subdivided tasks without

altering their combined values. Althoughi this could only be done by

careful intuitive judgment, the net mean time and variance for the

set, which must remain as measured, were preserved. Since for the

original measurements these appeared as a single. continuous activity.

the addition of detiiled internal structure to this set of tasks had

negligible effect.

The procedure for redistributing the variances among subdivided

tasks results from requiring that three conditions be met. For an

empirical task with inean time t. the subtasks aro assigned mean times

such that

15



ta + tb - t (4)

Assuming that the tasks are independent, the standard deviations are

then constrained such that

a ta 2 2 2and a + -C (5)0 b t 1 a ab

The standard deviations for the +st'btasks are then given by

and ,6 - - )hb .. .. .. .- a h

.'I

The resulting input v.alues used fer the simulation are tabulat.,d

in Appeni4 x B. alonp with the final task i .t:. for tho four crew

t'¢pes. Thesp correspond rt the trask iigi..im'• ll Appendix C. The

:olumn mlrkpcd "drita t'ks" contains the orlginail empirical ratak nu:mhber

fro'm the meastir*mt-ntr dir' .n is totlowt-d by .i ltt,.r ., h .... ,,1.) c

it the task was ,,l'di..,t*.d. E'mpirical t'l,;ks .1 ThrOiA',h ".A for the

'1W) ',,!l e-rew wore il l t , 'pIi', (i,; t of k thrIij h I 11, i.e., no

:pifp..tl, 't mi',l';'Il'ri~E'!it ' t w .ken I rt ho ipo it tf t hi' b t tng

ope ri t i ons.
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SECTION 4

MONTE CARLO SIMULATION OF CREW PERFO`RMANCE

The CREW-111I Monte Carl 1.0 fi mutait ion ('ode [ Dore . 19861 was ti-

ized to predict the mean overall engagement time for each crew typel.

Thisi Invwolve'd comput ing 100 indeperidont h istorte.s (real izat lons )of,

the simulati-d eiig~imgement, resiilt ing Iin a predicted mean time fotr each

of t he. ty'pes of etruagement . The roconc iillt ions of the overall en-

gaigement t ime%5 'lbt t 1i t14d fromi thtii ;i muilit ion w itrh r he mepasumred me an

I m s it-v -;howt i Iit T.#hlv -. Silc$ ;14'~ omt, of thi.v sim'ilated 41 d l#it'

4'i1'.b4T'41i . ''It1('e t I 'Il til1l'1. to 4 I. -#.$(*'(I to make al meaitiliiiftuil otil-

IJ I ' Oil4.I )1 40- 11 111,, pi 'H4!(I 1 o I'..i '' u es . For exampflp e . the
hillt I'll i' ~ik fol'' .ill l' "Ii, ,w, thritig- which the~ tank ctimrit~inlu:

titri j.uiuoic *1im.. '.I Alo hilly t" ' sia tj ~' r inlchidid d to Conform to thle

0-.ir isj'r IDrP ;( oinirje,. These;# ii''. ll',1I.Me .1ii .ierar", ot abotit I.

Which "14. 1e.' floor tilchid d iiit) I- t .- mpi ri cal m*.'1'1''ts

Cor) 1-v4t foii's Wo-tv'.l I t.,111116'( tot' the stvt1s*iu1'~d, empirical, itvoi'

.11 t i'.k t litne,; tot- fit- t itik vi oiw. In di u ,.Iig t, he vomparintion of

, t lr .,iiiii.moi on vI j lei oi-~ T' iik I I4 m ea.lr e ts Movc' .111d

l"mI 1'111 (I'e.'44 " vmp i I ;0(sit ofis th OF'T rgen.'rated dara Withi the

Ill'it thle I 91C 144 I.iwi 'l.v.r .0i'$r., )lily .1hlt itt I5 fill( 'e ond dcelav to, 010

'Wi .11"i I - f I v i , I " f i .0 4 0( ho f 1 t 1.4 , 12l i- tsie A p .

o ho . f t 5 W4 I , I. '' I I ,i''v .4 1 h Iii ed , ot lit * t'hl' . Ili t f o~' vilat - d itI *if-i
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Table 4. Reconciliation of overall. engagement times.

CREW-Ill Results Empirical Date

Crew Raw Raw
Type Time Correction Net Timea Correction Net Percent

Gun 103.18 103.18 116.43 116.43 -12.8
FDC 93.38 93.38 69.69 +6. 8 6 b 76.55 +18.0
Tank 28.06 -1.70c 26.36 22.79 *2 . 7 1 d 25.50 +3.26
ITV-TOW 157.82 -28.00e 129.82 141.57 141.57 -9.05

aEmpirical values for total engagement time reflect the less than
ideal conditions under which field data measurements were gathered.

bTasks 11 through 14 wore removed.
cinitial target acquisition.
dLoader antd driver too fast in COFT.
eDriver tasks.

The rifjht-hand column of Table 4 summarizes the relative accitracv

with which the Monte Carlo simulation reproduces the empirical

results. Except for the FDC crew, for which the empirical "measure-

ments" art vprv doubtful, the agreement is satisfactory.

The CREW-IlI code was then applied to selected combinations of

degraded crewmembers. The degradation states chosen and the final

mean engagement times found are stumarized in Appendix D. For some

crew types, additional points were included to "nsure that the entire

four-space, i.e., four creoembers, was suffici ntlv reprosontrd.
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SECTION 5

FOUR-DIMENSIONAL FUNCTIONAL FIT

A simplified expression for overall crew performance as a func-

tion of the performance levels of the individual crewmembers was

derived as follows: Consider a crew consisting of four crewmembers,

each responsible for a specific subset of the full set of tasks making

up the engagement. Assuming that all tasks are performed sequetl-

tially, the total time for the engagement would simply be the sum of

the time taken bv each crewmember. Let Ti be the sum of the normal

(undegraded) times for the tasks of crewmember i. i - 1. 21..... so

that the total mission time is

Trot T I (7a)

i-I

The performance of a crewmemher Is defined as pt - Ti/ti. where tj is

the longer time required to ;aecompli!ýh the same set of t.isks when the

ctrewmemher is degr.adpd. Thus. Pi is alwaysv between 0 a.nd 1.

Similarly, the overall crew performmance i-, given hv P oTr-t/ttot,

where ttot Z ti. It then follows that

I, 7h)

,. ___i

where,

,. T T R

tot

I <9



Equation (7b) shows that each of the crewmemher performances is

reciprocally weighted by his fraction of the total mission time when

all are undegraded. The assumption of a series of sequential tasks

used to derive this expression is true only specifically for the ITV-

TOW crew. The other three crew types require the crewmembers to

perform tasks in a series-parallel fashion, where at various times

during the engagement two or more tazks are performed simultaneously.

However, by using Eq. (7b) as a guide, the Monte Carlo results for

these other three crew types were found ta be remarkably well fit by a

generalized form of Eq. (7b).

-I

The 0 exponents allow four more degrees of freedom to account for

Interaction effects between crewmembers. Both the a's and O]'s were

determlned from a simplex algor!thm which mimimized the standard error

over all points. The starting guesses for the n's were determined

from Eq. (8) and the O's were initialized to 1.0: in all cases, the

resultts converged rapidly to a distinct minimum. The resulting valuins

are tabulated in Table 5. along with tile correspondence between the

indices and (-rpwmemher positions.

The CREW-Ill simulation for the ITV-TOW crew incorporated otnIv

three crewmembers: squad leader, gunner. and loader. The fourth

crewmember, tile driver, was not iclhided since tile empiricail daLtit foi

the ITV-TOW crew w-is taken withoitt a driver present. As at readv

mentitonp, tho I[TV-TOW ta•;ks are performed st(iquenltiallv.. '11l theretoe-r,

the 03's are all 1.0. *The acc.racyv of the (:R-E It! -I 'Ii,siiultio- an1d

subspquenit fit to Eqt. 00) is evi.'tent h'% notrinst the nearint l tv 'tinues

of the jP's for tho [TV-TOW crew tin Tiatt .

The pre y ioits ID) ;tud': d id i itt dti .i droit' . :;lio st, o at l t .i;k

time i wa s no r a . .Y,.I) ,I or i, Itt It-, i 11:'.n , I II(I p 1l1:hiiic' .t tile I .IIIIctI

site prior to the other c r'eW -einttvei s hegitn: I ii their taisks . For both
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Table 5. Fit parameters.

Gun FDC Tank TOW
Parameter Crew Crew Crew Crew

al 0.073953 0.23466 0.24249 0.13111

02 0.074018 0.37234 0.22197 0.47759
a3 0.24954 0.44990 0.31879 0.1774,"
a4  0.59286 -- 0.31198 0.21546

11 1.2502 1.6017 0.98866 1.0389
p12  0.t7qQ5 ().81154 1.1181 1.0137
j71 1.0037 0.98212 1.2815 1.0000
014 1.1755 -- 1.0046 0.96201

Crewmember Index (I)
Crew Type

2 3 4

M109 howitzer Ciief of Assistant No. L
gun crew Section Gunner Gunner Cannoneer

Fire Direction Fire Horizontal
center (FDC) Direction Computer Control --

Officer Operator

M60A3 tank, Taink
crew commander (inner Loader Driver

M)OM I TV-TOW Seplad
crew I.ea dI r G.un nn r Driver Lo aIde r
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consistency with the previous IDP study and because an actual ITV-TOW

crew includes a driver, a modification was made to the results to

incorporate the effects of a driver into the results.

This modification consisted of adding an additional 28 s to the

engagement time for !rhicle motion with an undegraded driver. Then,

if Ttot = 129.824 s is the total engagement time for the three man

crew, the new total time will be T'tot = Ttot + 28 - 157.824 s. Also,

the total engagement time with degraded crewmembers becomes

T' - T + 2 8 /PD' where T = Ttot • ) (10)

is the total engagement time for the three-man crew. and PD is the

performance level of the driver. Thus.

1 T T ot)i i T +28 (

P•- T' T + 28 T t /tot tot il trot +D2

T (o 2/T t
T 2 tot+ (8i)Ei P PD

so we find that

P, with 2 28/T = I
Z or ),4 tot (12)

I kP P4 - PD' and K (Ttot + 28)/Ttot

This Is the same form as Eq. (9) except for the constant, K, which is

Pasilv removed bv incorporating it into the a's.

Comparisons of the simulation results and the values predicted by

Eq. (9) are included in Appendix D. Appendix E contains a repre-

sentative set of plots of numerous planes In the four-space for each

22



crew type. Also included on these plots are the points to which they

were fit.
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SECTION 6

"DOSE AND TIME DEPENDENCE

The crew performance formula (Eq. 9) is suitable for many ap-

plications involving degraded crewmembers. One such application is

the Army Unit Resiliancy Analysis (AURA) code at BRL. AURA allows

reconstitution of a tactical unit with any mix of degraded personnel,

regardless of the underlying cause of the degradation. For instance,

the limitations on crew performance caused by wearing mission-oriented

protection posture (MOPP) gear in a chemical attack environment can be

simulated by applying Eq. (9).

Other battlefield simulation codes are primarily concerned with

effects on a tactical unit directly, rather than indirectly through

the performance of the crewmembers. One such is the JANUS conflict

simulation code at LLNL. One requirement of JANUS is to simulate thL

time-dependent performance of combat crew units after acute exposure

to an intermediate dose of ionizing -aidation from a tactical nuclear

weapon detonation.

Providing such a model extends naturally from the earlier IDP

study [Anno, Wilson, and Dore, 19831 in which the performance of

individuals was characterized for acute exposure as a function of dose

and time. A given external dose to a unit (e.g.. a tank) is reduced

by an appropriate shieldLng factor for each crew position. resulting

in a dose to each crewmember. The results of the IDP study were then

applied to find the performance level of each crewmember at some later

time, and Eq. 9 was then applied to yield the overall unit performance

at that time.

A modification of the above procedure is necessary because not

all individu,'is develop any or all of the disabling symptoms of acute

radiation sickness which are the cause of degraded performance. The

crewmember performance results reported in the IDP study are condi-

tionally dependent upon an individual having expressed these symptoms.

and for those individuals who are not affected there is no degrada-

tion, i.e., their performance level is 1.0. This individual

variability in response to radiation exposure was accounted for by
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finding an expected performance for the unit by combining the sfxteen

possible situations of four crewmembers, each either expressing or not

expressing symptoms, weighted by the incidence fractions for develop-

ing symptoms.

Estimates of incidence fractiotis for each of the major symptoms

(e.g. nausea, vomiting, fatigability) of acute exposure to ionizing

radiation have been determined as a function of dose [Anno, Wilson,

and Baum, 1985]. While these incidence fractions are specific to each

type of symptom, they are highly correlated, and the actual perfor-

mance degradation of an individual is usually dominated by the initial

and most severe symptom developed. This allows an overall incidence

curve to be determined by assuming an individual develops the charac-

teristic degradation with the onset of any one symptom. Curves of

inciderce fraction versus dose for the major symptoms of radiation

sic!kness are plotted in Fig. 5 based on both lognormal and logistic

forms of the distributions with dose. The overall incidence curve

consists of the leftmost of these symptom curves at any incidence

level. The resulting three-part formula is given in Table 6.

"The expected performances were then calculated for the fcur crew

types. First the protection factors from Table 7 were applied to

reduce the exposure external to the vehicle by an amount appropriate

for inside the type of vehicle. Note that only the M60A3 tank varied

in density sufficiently to afford different degrees of radiation

protection dependent upon where in the vehicle the crewmember was

located. The weights and performances of each crewmember were then

calculated for all 16 cbmbinations of symptom incidence and then

combined together with Eq. (9), in the manner given as follows: Let

Do be an acute dose of ionizing radiation external to the vehicle

which occurs at time t = 0. Then, for the ith crewmember

(i = 1, 2,...,4), define:

PFi = protection factor,

Di = Do/PFi,

pi(Di, t, = conditional performance level of ith crewmember,

fi(Di) = probability that symptoms are expressed by Ith crewmember.
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Figure 5. Symptom incidence.
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Table 6. Symptom incidence.

Principal Dose Range
Symptom (rads) a b

Fatigability
and Weakness 0 - 185 8.75 1.63

Nausea 185 - 530 12.2 2.30

"Nausea > 530 49.8 8.27

Symptom incidence:

f(D) b n D

Table 7. Radiation shielding protection factors.

Crew and Position Factor

M109 howitzer gun crew
Chief of section 1.3
Gunner 1.3
Assistant gunner 1.3
No. I cannoneer 1.3

FDC
Fire direction officer 1.0
Computer 1.0
Horizontal control operator 1.0

M60A3 tank crew
Tank commander 1.4
Gunner 2.0
Loader 1.9
Driver 3.8

M901 ITV-TOW crew
Squad leader 1.4
Gunner 1.4
"Dr fve r 1.4

Loader 1.4

27
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The 16 combinations can then be represented by taking:

0-> Unaffected: pj = 1.0, w = I - fi

I -> Affected: Pi = Pi, wi =fi

and arranging all combinations as a binary series, i.e.

Case n: 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Iw 0 1 0 01 0 1 0 1 01 01 0 1

Crew 2 00 i 1 0 1 1 00 1 0 1 0 11

member 3 0 0 0 0 11 1 1 0 0 0 0 1 1 11
4 0 0 0 0 0 0 00 1 1 1 1 11 11

The weight assigned to the nth case is then given by

4 15

W = w. where Fa = I (13)

n=O

and the crew performance (given by Eq. 9) for case n is

0 (14)
n

i=1

The combined average crew performance is then given by

15
P(D t) = 7 W Q (15)

0 n=O

The unit performances which resulr from the calculations given

above are tabulated in Appendix F as an evenlv spaced grid of points

it log dose (external to the unit) and log time. The extent of this

table is identical to that of the earlier IDP study, and the general

2S
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appearance of the surface plots (Appendices G and H). not surpris-

ingly, is very similar to those for individual crewmembers in the IDP

study.
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SECTION 7

DISCUSSION

The methodology followed in this stud, to develop crew unit

performance demonstrates that a fairly complex procedure, such as that

required for modeling the collective actions of individual crew-

members, can often be replaced by a fairly simple vet effective

algorithm. This result embodies all the appropriate details and has

the obvious advantage of reducing computation. especially for utlliza-

tior in larger scale batt lefield simulations such as AV'RA. which

involve a great amount of other c-ompuitationr. Also, the algorithm

developed in this study provides the flexibility that enables crew

unit performance est imatres to 1w made tor arbitrar, levels of degraded

states distributed among the various crewme.mblter:, regardless of the

cause.

The methodology. ..4 we demonstrate in this utidv, can also he

extended to sppcificall¢ aiddreis crew 'nit performance where the

performance of Individual crewmemberq may bo impaired by the off.ctrn

of ionizLng radiation ,,xpo'sure . Here thie cotnditional crew nitit per-

forirance algorithm (.ts doveloped tor AI'RA) i% mod fid by t .kinil , into

account both individual vi rli-billt' in ro-spmn-44- to radiation effrcts

as well as extr .'- ind itit rir.,lticular otivirotimeti til doso level ion r,

tho crewmombers.

Crew unit performance da.ta r'enrrited In thl !itudv pert'ain, to

f ixed .:hort comb.it rngag'.mtnt i'vena-rlos for the ceth, trwi e'v.ltluat ed

a long ;a post - accut -,xpo};ure time trame (tip to ( wof.k,1) fo! E ti

' : IhcculIar enyvironmento*til done levels. Thse, r i t a provyii, I nput to

other lar;,,Pr-scale hatt lef ijld Aiumlait oow pr';t',tms such *i'n JAN1S,

which require prepacka.ed radi.ttiol , effvc!z; enhodded ilt crew pertor-

ir;u're values. These pertonmance values ore woeiph-,ht -,iverigd over the,

S;,xteeo po~sibl cromb rlpariotnl of -ilckit.,'s s tint.'. Of four %tiitv4- o),t5.

Howpv r r. ",q• on, tihe pioe•dr•, .' i -t' t •'o obt.lit) i ihw".: .Ivu..lr'e

c'row tilli t p#',s t omto.4li 6.' , i,11 w Ir '.W pv't t I'•C[W e r'1.114'

t";timates .gxd th-el r *,l'so',la r1 t pr*hib i 14'•; ('.l h, • o,¢ 'r.Itetu ,.3
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desired for arbitrary dose and time, utilizing the shielding factors

and symptom incidence data presenred in this report and the previously

developed dose-time individual crewmember performance data [Anno,

Wilson, and Dore, 1983). This discrete probabalistic crew unit per-

formance data, for example, would be more appropriate for battlefield

simulations which treat combat crew unit performance stochastically.

Aside from application to larger-scale battlefield simulation or

gaming codes, the graphical prespntations of crew unit performance can

be useful for training and education purposes in developing tactical

guidelines. In this regard, some general observations can be made and

caveats noted.

Crew unit performanLe generally follows the level of performance

of the individual crowmembhrs over doqe aiid time. although not neces-

sarily in a linear fashion. For exaupltrie. overall crew performance is

not greatly affected by any one crewmember who may be significantly

degraded compared to the others until that crewmember's performance

level approaches around 50 percent. A plot of crew unit performance

against decreasing performance values of one of the crewmembers. aP

others fixed, would initially appear relatively shallow and then

rapidly turn down with smaller values of the individual's performance.

Task time vAri,,bility, derived from fteld measurements ;iccordn.iti

to a detailed characcterizat ion of -iubt.l;kq that comprise a combat

encounter srenaifo, comps from a population of particip.inti in a

normal state of health. "jlnce it is imposqible Lo acquirte the cor-

responding measuore of variability from a population of individu.als

impaired by the e.ffee'ts of ionIzit ig lidiation, we must assume that thl,

standard devi.ation ot ta.skoperfrormance time varies monotonlcaliv with

the increased mean ta'ik-pe:r'ormatce ti cI' .,×pet(ed when an individtial

is Impaired by the e-ffects of radi.atoi. rme .assumed i nver•e , tefor-

mance relationship is consistent with the rossults trom the statistical

analysis of the 1i'ld meaSurm-.nt d.it.

Fl ieallv. the crew unit pirfor'ituiuci' ',ulloes are all hised Oft. -"hort

hut I luti-S e act lnti' th;iar t.ik- vplo.. a blii hug. !110- tacticlt combat r. '; i'-

ment :modeled. lii .hi';i 'stl'{, ., 1 m olu-" 'It tainl how appiic.llei/ thle-41

performance vali•ki-q are to ohther ruemh:a -•' •,';ce noarIo-i where thle action
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/ levels are not as intense or where the duration of performance ?xtends

over much longer periods. for example. as in logistic or support

operations, road marches, or other activities where protracted fatigue

becomes a factor.



SECTION 8

LIST OF REFERENCES

Anno, G. H., D. B. Wilson, and S. J. Baum. Severity Levels and
Symptom Complexes for Acute Radi.tion Sickness: Description and
Quantification, Pacific-Sierra Research Corporation, Report 1597,
30 November 1985.

Arano, G. H., D. B. Wilson, and M. A. Dore, Acute Radiation Effects on
Individual Crewmember Performance, Pacific-Sierra Research Corpora-
tion, Note 572, October 1983.

Blumenthal, D. K., et al., An Anal 'sis of a Massed Versus a Disper!:ed
Attacking Ground Force in Close Combar, Lawrence Livermore National
Laboratory, Livermore, California, UCID-20010, 31 January 1984.

Dore, M. A., CREWq III User's Guide, Pacific-Sierra Research Corpora-
tion, Report 1660. 1 September 1986.

Klopcic, J. T. and L. K. Roach. An inrroduction to the Use of the
Army Unit Resiliency Analvsis (AURA) Methodology, Vol. 1, U.S.
Ballistics Research Laboratory, Aberdeen Proving Ground, Maryland,
Memorandum Report BRL-MR-3384. September 1984.

Mover, M. J., and S. Laim. H60AJ Combat Tank Data. Science Applica-
tions International Corporation, unpuhlished, forwarded in a letter
dated 6 March 1987 to R. W. Young, Defense Nuclear Agency.
Washington. DC.

Mover, M. J., T. K. O'Donoghup. and M. L. Feinberg, The Final Report
of the Task Timeline Analvsis Project. Science Applications Inter-
national Corporation. La Jolla. California, Report 1-262-03-509-02.
12 September 1984.

33



34



7 1
APPENDIX A

TASK DESCRIPTION FOR EMPIRICAL DATA

Tables 8 through 11 detail the empirical tasks performed by the

members of the four crews. The mean and standard deviation for each

empirical task is included.
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Table 8. Empirical task descriptions for gun crew.

Task Description Simulator (S)
No. of Actions Live Fire (L) Crewmember Mean SD

1 Issues, receives and S Chief of 18.99 1.247
relays fire mission section
data

2 Loads projectile and L No. 1 5.74 2.990
prepares to ram cannoneer

3 Laying for deflectio'. S Gunner 9.94 4.516

4 Laying for quadrant S Assistant 11.96 3.?25
gunner

5 Laying for deflection S Gunner and 14.91 3.427
and quadranta assistant gunner

6 Operates and retracts L No. 1 5.08 1.223
rammer cannoneer

7 Loading propellant and L No. 1 10.72 4.343
closing breachblocka cannoneer

8 Stows cammer and tray S No. 1 2.72 0.718
cannoneer

Q Loads propellant S No. 1 2.82 0.509
charge cannoneer

10 Closes breachblock S No. 1 2.51 0.443
cannoneer

11 Checks lay for deflec- S Chief of 4.81 0.143
tion and quadrant section

L2 Primes cannon and L No. 1 4.86 :.580
attaches lanvard cannoneer

13 Fires weapon, recovers 1L No. 1 5.70 3.128
and detaches lanyard cannoneer

aTask 5 is equivalent to tasks 3 and 4 combined: simllarlv, task 7 is
equivalent to tasks 8 through 11. and task 2)0 is equivalent to
tasks 21 through 24.
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Table 8. Empirical task descriptions for gun crew (continued).

Task Description Simulator (S)
No. of Actions Live Fire (L) Crewmember Mean SD

14 Swabs bore and checks L No. 1 8.75 3.553

clear cannoneer

15 Positions loading L No. 1 3.94 1.811

tray and rammer cannoneer

16 Loads projectile and L No. 1 5.39 3.368

prepares to ram cannoneer

17 Lays for quadrant S Assistant 1.34 0.345
gunner

18 Lays for Deflection S Gunner 1.72 0.689

19 Operates & retracts L No. 1 5.67 2.329
rammer cannoneer

20 Loads propellant and L No. 1 9.36 3.099
closes breachblocka cannoneer

21 Stows rammer and tray No. 1 (2.72 0 . 7 1 8 )b
cannoneer

22 Loads propellant S No. 1 (2.82 0 . 5 0 9)b

charge cannoneer

23 Closes breachblock S No. 1 (2.51 0 .4 4 3 )b

cannoneer

24 Checks lay for deflec- S Chief of (4.81 0. 1 4 3 )b

tion and quadrant section

25 Primes weapon and L No. 1 4.40 2.302
attaches lanyard cannoneer

26 Fires weapon. recovers L No. 1 5.59 2.661

and detaches lanyard cannoneer

27 Swabs bore and checks L No. 1 8.67 3.552
clear cannoneer

aTask 5 is equivalent to tasks 3 and 4 combined: similarly, task 7 is

equivalent to tasks 8 through 11, and task 20 is equivalent to

tasks 21 through 24.
bTasks 21 through 24 were not measured independently, but are copies
of tasks 8 through 11.
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Table 9. Empirical task descriptions for FDC crew.

Task Description
No. of Actions Crewmember Mean SD

I Issues call for fire (Observer) 2.35 0.547

2 Receives and reads back Fire direction 2.12 0.915
call for fire officer

3 Identifies registration (Observer) 3.16 1.080
point

4 Receives and reads back reg- Fire direction 2.26 1.202
istration point to be used officer

5 Announces target coordinates (Observer) 6.21 1.509

6 Receives and reads back Fire direction 7.22 2.343
target coordinates officer

7 Describes target (Observer) 4.06 2.053

8 Receives and reads back Fire direction 2.03 1.085
target description officer

9 Issues fire order Fire direction 2.16 1.292
officer

10 Determines and transmits Fire direction 1.98 1.217
the message to observer officer

11 Transmits "fire mission" Computer 1.95 1.079
to battery

12 Receives and reads back (Battery) 1.33 0.476
"fire mission"

13 Transmits fire order to Computer 1.52 0.548
battery

14 Receives and reads back (Battery) 1.81 0.859
fire orders to computer

15 Plots target and Horizontal control 39.14 5.312
announces chart range operator

16 Receives and reads back Computer 2.28 0.963
target range
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Table 9. Empirical task descriptions for FDC crew (continued).

Task Description
No. of Actions Crewmember Mean SD

17 Announces chart deflection Horizontal control 6.39 1.717
operator

18 Receives and reads back Computer 2.18 1.341
target range

19 Computes firing data, Computer 20.32 9.372
converts to fire commands,
and transmits deflection
to battery

20 Receives and reads back (Battery) 1.46 0.922
deflection

21 Computes site and announces Fire direction 18.64 6.343
when requested by computer officer

22 Computes and transmits Computer 8.76 5.806
quadrant to battery

23 Receives and reads back (Battery) 1.17 0.460
quadrant
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Table 10. Empirical task descriptions for tank crew.

Task Description Simulator (S)
No. of Actions Live Fire (L) Crewmember Mean SD

1 Issues initial fire S Tank 0.274 0.141
command, traverse commander
turret

2 Arm main gun L Loader 1.916 --

3 Main gun switch to on, S Gunner 1.231 0.738
index ammunition,
identify target

4 Pull next round L Loader 5.745 --

5 Aim main gun, lase range S Gunner 1.184 0.575

6 Confirms range S Tank 1.142 0.549
commander

7 Commands driver forward and S Tank 0.756 0.232
gunner to guide driver commander

8 Drive tank forward and stop L Driver 3.894 0.851

9 Guide driver into firing S Gunner 2.323 0.572
position

10 Verify hostile target and S Tank 2.127 0.523
range; command fire commander

11 Final lay, alerts crew S Gunner 1.288 0.485

12 Pull trigger S Gunner 1.034 0.388

13 Reload, arm main gun, L Loader 11.027 --

and pull next round

14 Observes round, reports S Tank 1.581 0.354
impact commander

15 Issues order to reengage S Tank 0.480 0.140
commander

16 Re-lay main gun. lase S Gunner 0.968 0..320
range
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Table 10. Empirical task descriptions for tank crew (continued).

Task Description Simulator (S)
No. of Actions Live Fire (L) Crewmember Mean SD

17 Verify range to target, S Tank 1.601 1.085
commands fire commander

18 Final lay, alerts crew S Gunner 0.610 0.145

19 Pulls trigger S Gunner 0.747 0.209

20 Reload, select next round L Loader 9.544 --

21 Observes round, report S Tank 1.412 0.2-74
impact commander

22 Commands cease fire S Tank 0.401 0.139
commander

23 Commands driver to return S Tank 0.453 0.100
to defilade commander

24 Return tank to defilade L Driver 4.207 0.849
and stop

4
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Table 11. Empirical task descriptions for ITV-TOW crew. 4

Task Description
No. of Actions Crewmember Mean SD

1 Alerts crew, issues Squad Leader 5.32 0.029
elements of initial
fire command

2 Erect launcher Gunner 6.36 0.594

3 Slews turret to track Gunner 11.29 1.845
first target

4 Arming left missile Squad leader 2.51 0.011
and gunner

5 Issues fire order Squad leader 2.02 0.597

6 Tracks missile to target Gunner 1 9 . 3 7 a 0.843
and announces results

7 Terminates 1st firing Squad leader 7.91 0.396
sequence, issues subsequent
fire commands

8 Traverses turret to track Gunner 4.80 1.679
second target

9 Arming right missile Squad leader 1.46 0.123
and gunner

10 Issues fire order • Squad leader 1.80 0.763

1.1 Tracks missile to target, Gunner 1 8 . 1 3 a 0.961
and announces results

12 Terminates action, Squad leader 2.17 0.639
orders reloading

13 Preparation for reload Gunner and 16.25 2.484
loader

14 Unloads left launch Loader 3.22 0.957
container

alncludes flight time.
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Table 11. Empirical task descriptions for ITV-TOW crew (continued).

Task Description
No. of Actions Crewmember Mean SD

15 Loads left launcher Loader 7.61 1.791

16 Unloads-ejects right Loader 2.06 0.381
launch container

17 Loads right launcher from Loader 8.12 1.281
ready rack

18 Closes cargo hatch Loader 3.24 0.981

19 Rearranges ready rack Loader 6.39 0.778
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APPENDIX B

INPUT DATA

Data for the gun, FDC, tank, and ITV-TOW crews as iput to the

CREW Ill code are presented in Tables 12 through 15. The data are

input exactly as shown in the tables.
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Table 12. Input data for gun crew.

Task Data Task Mean SD Precursor
No. Description Taska Type (sec) (sec) Crewmember Task(s)

1 START -- 0.0 0.0 ....
2 AN:MISSION&DEFL. IA 15.99 1.226 C.SECT. I
3 AN: QUADRANT 1B 3.00 0.230 C.SECT. 2
4 LOAD PROJECTILE 2A P 4.74 2.926 NO. 1 C. 3
5 ROTATE CYLINDER 2B P 1.00 0.617 NO. I C. 3 4
6 LAY FOR DEFL. 3A 8.44 4.446 GUNNER 2
7 RECHECK SIGHT 3B 1.50 0.790 GUNNER 6 8
8 LAY FOR QUAD. 4 11.96 3.725 AST.GNR. 3
9 CYCLE RAMMER 6 5.08 1.223 NO. 1 C. 5

10 STOW RAM & TRAY 8 P 2.72 0.718 NO. I C. 9
1I LOAD PROPELIANT 9 2.82 0.509 NO. I C. 10
12 CLOSE BREACH 10 P 2.51 0.443 NO. i C. 11
13 CHECK AIM 11 4.81 0.143 C.SECT. 7 9
14 PRIME 12 4.86 2.580 NO. I C. 12 13
15 FIRE 13 5.70 3.128 NO. i C. 14
16 RECOIL -- 1.00 0.0 -- 15
17 SWAB BORE 14 8.75 3.553 NO. 1 C. 16
18 AN: NEXT 15A 1.00 0.583 C.SECT. 17
19 POS'N TRAY & RAM 15B P 3.94 1.811 NO. 1 C. 18
20 AN: QUAD 16A 1.00 0.748 C.SECT. 18
21 LAY FOR QUAD 17 1.34 0.345 AST.GNR. 20
22 LAY FOR DEFL 18 1.72 0.689 GUNNER 21
23 LOAD PROJECTILE 16B P 5.39 3.368 NO. I C. 19 20
24 CYCLE RAMMER 19 5.67 2.329 NO. 1 C. 23
25 STOW RAM & TRAY (8/21) P 2.72 0.718 NO. 1 C. 24
26 LOAD PROPELLANT (9/22) 2.82 0.509 No. I C. 25
27 CLOSE BREACH (10/23) P 2.51 0.443 NO. I C. 26
28 CHECK AIM (11/24) 4.81 0.143 C.SECT. 22 24
29 PRIME 25 4.40 2.302 NO. I C. 27 28
30 FIRE 26 5.59 2.661 NO. 1 C. 29
31 RECOIL -- 1.00 0.0 30
32 SWAB BORE 27 8.67 3.552 NO. 1 C. 31
33 END -- 0.0 0.0 -- 32

I 1sk rnin•h i n this rolutmn refer ro empirical da ta measureme'nts

in Appor',!lx A.
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Table 13. Input data for FDC crew.

Task Data Task Mean SD Precursor
No. Description Taska Type (sec) (sec)b Crewmember Task(s)

I START -- 0.0 0.0 ....
2 CALL FOR FIRE 1 2.35 (0.547) -- 1
3 RETURN CFF 2 2.12 0.915 FDO 2
4 ID REG'N POINT 3 3.16 (1.080) -- 3
5 RETURN REG'N PT 4 2.26 1.202 FDO 4
6 AN: TAROT COORDS 5 6.21 (1.509) -- 5
7 RETURN TOT' CORDS 6 C 7.22 2.343 FDO 6
8 DESCRIBES TARGET 7 4.06 (2.058) -- 7
9 RETURN DESCRIPTN 8 2.03 1.085 FDO 8

10 ISSUE FIRE ORDER 9 C 2.16 1.292 FDO 9
11 MESSAGE TO OBS'R 10 1.98 1.217 FDO 10
12 XMIT FIRE MIS'N 11 1.95 1.079 COMPUTER 2
13 XBAK FIRE MIS'N 12 1.33 (0.476) -- 12
14 XMIT FIRE ORDER 13 1.52 0.548 COMPUTER 10 12
15 XBAK FIRE ORDER 14 1.81 (0.859) -- 13 14
16 BEGIN PLOTTING 15A C 16.14 3.051 HCO 4
17 FINSH PLOT & AN: 15B C 23.00 4.348 HCO 7 16
18 RETURN RANGE 16 2.28 0.963 COMPUTER 14 17
19 AN: DEFLECTION 17 6.39 1.717 HCO 18
20 RETURN DEFL. 18 2.18 1.341 COMPUTER 19
21 REQUEST SITE 19A C 10.16 6.627 COMPUTER 20
22 COMP & XMIT DEFL 19B C 10.16 6.627 COMPUTER 25
23 RETURN DEFL 20 1.46 (0.922) -- 15 22
24 COMP & AN: SITE 21A C 17.64 6.315 FDO 11 17
25 REPLY WITH SITE 21B C 1.00 0.359 FDO 21 24
26 COMP & XMIT QUAD 22 8.76 5.806 COMPUTER 23
27 RETURN QUAD 23 1.17 (0.460) -- 26
28 END -- 0.0 0.0 -- 27

aTask numbers in this column refer to empirical data measurements in

Appendix A.
bStanderd deviations indicated in parentheses ( ) were set to 0.0,

making these fixed time tasks.
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Table 14. Input data for tank crew.

Task Data Task Mean SD Precursor
No. Description Taska Type (sec) (sec) Crewmember Task(s)

1 START -- 0.000 0.000 ....

2 ACQUIRE TARGET -- 0.100 0.050 T.CMDR. 1
3 ACQUIRE TARGET -- 0.200 0.100 GUNNER -2 1
4 REPORT TARGET -- 1.000 0.400 GUNNER -2 3
5 SCAN REPORT AREA -- 1.500 1.000 T.CMDR. -2 4
6 SEE TARGET -- 0.100 0.050 T.CMDR. -2 5
7 TRAVERSE TURRET IA 0.274 0.158 T.CMDR. 2 6
8 ISSUE COMMAND l1X 0.274 0.105 T.CMDR. 2 6
9 ARM - "UP" 2 1.916 0.807 LOADER 8

10 SET COMP. 3A 0.500 0.29F GUNNER 8
1L ACQUIRE TARGET 3B 0.731 0.360 GUNNER 7 10
12 SELECT ROUND 4 5.745 2.427 LOADER 9
13 TRACK TARGET 5A 0.592 0.421 GUNNER 11
14 LASER RANGE 5B 0.592 0.421 GUNNER 13
15 CHECK RANGE 6 1.142 0.343 T.CMDR. 14
16 RANGE OK? -- 0.000 0.000 T.CMDR. 15
17 ORDER: RE-LASE -- 3.000 1.000 T.CMDR. -16 15
18 RE-LASE -- 3.000 1.000 GUNNER -16 17
19 ORDER: MOVE OUT 7A 0.365 0.086 T.CMDR. 16 18
20 ORDER: TAKE OVER 7B 0.400 0.090 T.CMDR. 19
21 MOVE FORWARD 8A 3.603 0.354 DRIVER 19
22 GUIDE DRIVER 9A 2.023 0.619 GUNNER 20
23 ORDER: STOP 9B 0.300 0.238 GUNNER 2t 22
24 STOP 8B 1.000 0.186 DRIVER 23
25 COMMAND FIRE to 2.127 0.721 T.CMDR. 24
26 FINAL LAY 11 1.288 0.584 GUNNER 25
27 PULL TRIGGER 12 1.034 0.382 GUNNER 26
28 RECOIL TIME -- 0.100 0.000 -- , 27
29 TRACK FLIGHT 14A 0.500 0.289 T.CMDR. 9 27
30 TRACK FLIGHT -- 0.500 0.289 GUNNER 2 .7

31 REPORT IMPACT 14B 1.08L 0.246 T.CMDR. -32 2
32 REPORT IMPACT -- 1.500 0.500 GUNNER -it 30
33 RELOAD 13A P 5.682 2.712 LOADER 12 28
34 ARM - "UP" 13B 0.500 0.200 LOADER 33

ATask numbers in rhi,; cr1lumn reto"r to emrpiricat d.ita meas, rernents
in Appendix A.
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Table 14. Input data for tank crew (continued).

Task Data Task Mean SD Precursor
No. Description Taska Type (sec) (sec) Crewmember Task(s)

35 SELECT NEXT 4 5.745 2.427 LOADER 34
36 ORDER: RE-ENGAGE 15 0.480 0.109 T.CMDR. 31 32
37 RE-LAY & LASE 16 0.968 0.205 GUNNER 36
38 CHECK RANGE 17 1.601 0.873 T.CMDR. 37
39 FINAL LAY 18 0.610 0.105 GUNNER 38
40 PULL TRIGGER 19 0.747 0.158 GUNNER 39
41 RECOIL TIME -- 0.100 0.000 -- 19 34

42 TRACK FLIGHT 21A 0.500 0.289 T.CMDR. 19 34
43 TRACK iLIGHT -- 0.500 0.289 GUNNER 19 34
44 REPORT IMPACT 21R 0.912 0.242 T.CMDR. 42
45 RELOAD 20 P 5.699 2.262 LOADER 35 41
46 "CEASE FIRE" 22 0.401 0.071 T.CMDR. 44
47 "BACK UP" 23 0.453 0.060 T.CMDR. 46
48 START BACK 24A 3.616 0.116 DRIVER 47
49 "STOP" 24B 0.300 0.032 T.CMDR. 48
50 STOP 24C 1.000 0.061 DRIVER 49
51 END -- 0.000 0.000 -- 50

aTask numbers in this column refer to empirical data measurements

in Appendix A.
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Table 15. Input data for ITV-TOW crew.

Task Data Task Mean SD Precursor
No. Description Taska Type (sec) (sec) Crewmember Task(s)

1 START -- 0.0 0.0 ....
2 ALERT/GIVE ORDER 1 5.32 0.029 SQD.LDR. 1
3 ERECT LAUNCHER 2 6.36 0.594 GUNNER 2
4 SLEW TURRET 3 11.29 1.845 GUNNER 3
5 AN: SELECT & ARM 4A 0.75 0.006 SQD.LDR. 4
6 ARM IST MISSILE 4B 1.76 0.009 GUNNER 5
7 AN: "FIRE" 5 2.02 0.597 SQD.LDR. 6
8 FIRE/TRACK MIS'L 6 P 19.37 0.?43 GUNNER 7
9 GIVE 2ND ORDER 7 7.91 0.396 SQD.LDR. 8
10 TRAIVERSE TURRET 8 4.80 1.679 GUNNER 9
11 AN: ARM MISSILE 9A 0.44 0.067 SQD.LDR. 10
12 ARM 2ND MISSILE 0B 1.02 0.103 GUNNER 11
13 AN: "FIRE" 10 1.80 0.763 SQD.LDR. 12
14 FIRE/TRACK MIS'L 11 P 18.13 0.961 GUNNER 13
15 AN: CEASE/RELOAD 12 2.17 0.639 SQD.LDR. 14
16 POSITION TURRET 13A 13.20 2.239 GUNNER 15
17 OPEN HATCH 13B 3.05 1.076 LOADER 16
18 UNLOAD LEFT TUBE 14 P 3.22 0.957 LOADER 17
19 LOAD LEFT TUBE 15 P 7.61 1.791 LOADER 18
20 UNLOAD RGHT TUBE 16 P 2.06 0.381 LOADER 19
21 LOAD RIGHT TUBE 17 P 8.12 1.281 LOADER 20
22 CLOSE HATCH/"'JP" 18 3.24 0.981 LOADER 21
23 REARRANGE RACK 19 P 6.3Q 0.778 LOADER 22
24 END -- 0.0 0.0 -- 23

aTask numbers in this column refer to empirical data measurements

in Appendix A.
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APPENDIX C

* TASK SCHEMATICS

Figures 6 though 9 are the schematic representations of the task

lists in Appendix B.
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APPENDIX D

BEST-FIT RESULTS

In this appendix (Tables 16 through 19), we present the Monte

Carlo results from the CREW III codie for the four crews by individual

crewmember.* The fractional difference is the difference between

these results and those predicted4 by Eq. (9).

*~The individual crewmembprs are referred o hv the following ,abbrevia-
t ions:

AG =Assistant guinner
C = Computer
CS =Chief of section
D = Driver
F Fire direcrion officer

G, G111nner

H Horizont-al 'mo vol 'r1n
L =Loader

SL -Squad leadp-r
TC =Tank commfander
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Table 16. Bttst-fit results for gun crew
(undegrad',d mission time:
103.182 s).

Crewmember Performance Mean SD Crew Predicted Fractional
G AG CS L (s) (s) Performance by Fit Difference

0.80 1.00 1.00 1.00 103.654 9.607 0.99545 0.98972 -0.00575
1.00 0.80 1.00 1..00 105.171 9.475 0.98109 0.97477 -0.00644
0.80 0.80 1.00 1.00 105.818 8.913 0.97509 0.96312 -0.01227
0.50 1.00 1.00 1.00 106.426 10.119 0.96952 0.95136 -0.01873
1.00 0.50 1.00 1.00 114.289 11.424 0.90282 0.90867 0.00648
0.80 0.50 1.00 1.00 112.799 11.392 0.91474 0.89854 -0.01771
0.50 0.80 1.00 1.00 110.656 12.026 0.93246 0.92676 -0.00611
0.50 0.50 1.00 1.00 116.808 12.745 0.88335 0.86681 -0.01872
0.30 1.00 1.00 1.00 119.403 17.929 0.86415 0.88254 0.02128
1.00 0.30 1.00 1.00 131.091 17.151 0.78710 0.82385 0.04669
0.80 0.30 1.00 1.00 128.766 14.542 0.80131 0.81552 0.01773
0.20 0.80 1.00 1 .00 136.763 29.263 0.75446 0.78392 0.03905
0.50 0.30 1.00 1.00 133.613 15.137 0.77225 0.78929 0.02207
0.30 0.50 1.00 1.00 125.489 17.824 0.82224 0.80931 -0.01573
0.30 0.30 1.00 1.00 133.808 14.324 0.77112 0.74133 -0.03863

0.80 1.00 0.80 1.00 109.192 9.229 0.94496 0.93222 -0.01348
1.00 0.80 1.00 0.80 123.090 12.510 0.83826 0.84168 0.00407
0.80 0.80 0.80 0.80 129.511 11.256 0.79670 0.7q187 -0.00607
0.50 1.00 0.50 1.00 133.467 11.907 0.77309 0.76884 -0.00550
1.00 0.50 1.00 0.50 183.749 17.943 0.56154 0.56138 -0.00028
0.80 0.50 0.80 0.50 188.181 15.897 0.5483' 0.538e8 -0.01739
0.50 0.80 0.50 0.80 150.590 13.356 0.68510 0.67078 -0.0z102
0.50 0.50 0.50 0.50 206.819 19.175 0.49890 0.47(8,4  -0.03820
0.30 1.00 0.30 1.00 179.919 16.619 0.57349 0.58273 .o01610
1.00 0.30 1.00 0.30 292.827 31.478 0.35237 0.3448? -0. 0141
).80 0.30 0.80 0.30 297.240 33.308 0.34713 0.33616 -0.03162
0.20 0.80 0 .30 0.80 208.957 23.501 0.49380 0.'&')4I4 A4 0.00212
0.50 0.30 0.50 0.30 311.130 31.322 0.33164 0.31223 -0 '• 1
0.30 0.50 0.30 0.50 242.088 18.255 0.:,2622 0.4000(,9 -0 .042•'1
0.30 0.30 0.30 0.30 349.141 33.313 0.29553 0.27638 -0.0,,7o

i .)0 1.00 0.80 1 .00 109.188 9.748 0.')3983 .()0,,A13 0 00351
1.00 1.00 1.00 0,80 L22.170 12.503 0.84458 (.86192 0.02"(5)
1.00 1.00 0.80 0.80 126.276 12.861 0.81711 0.81798 0.00-03
1.00 1.00 0.50 1.00 128.549 q.952 0.80267 0.80159 -0.00oL4
1.00 1.00 1.0, 0.50 181.440 19.213 0.56862 O.50566 0.04,44
1.00 1.00 0.80 0.50 183.383 19.604 0.562h6 0.57414 0.02077
t.O0 1.00 0.50 0.80 145.418 12.698 0.70955 0.70935 -0.00029
1.00 1.00 0.50 0.50 201.946 18.327 0.51094 0.51858 0.01496
1.00 1.00 0.30 1.00 168.178 9.884 0.61353 0.63253 0.03097
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Table 16. Best-fit results for gun crew
(undegraded mission time:
103k.182 s) (continued).

Crewmember Performance Mean SD Crew Predicted Fractional
G AG CS L (S) (s) Performance by Fit Difference

1.00 1.00 1.00 0.30 281.705 28.332 0.36628 0.37254 0.01711
1.00 1.00 0.80 0.30 301.321 32.496 0.34243 0.36409 0.06325
1.00 1.00 0.30 0.80 183.812 11.908 0.56135 0.57366 0.02195
1.00 1.00 0.50 0.30 306.564 32.007 0.33658 0.34086 0.01272
1.00 1.00 0.30 0.50 230.123 20.680 0.44838 0.44213 -0.01393
1.00 1.00 0.30 0.30 333.926 30.359 0.30900 0.30607 -0.00947
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Table 17. Best-fit results for FDC crew.
(undegraded mission time:
93.375 s).

Crewmember Performance Mean SD Crew Predicted Fractional
F C H (s) (s) Performance by Fit Difference

0.80 1.00 1.00 98.055 13.402 0.95227 0.95680 0.00476
0.50 1.00 1.00 116.395 15.013 0.80223 0.83152 0.03651
0.30 1.00 1.00 156.814 24.770 0.59565 0.63306 0.06316
1.00 0.80 1.00 100.629 13.182 0.92791 0.91571 -0.01315
0.80 0.80 1.00 102.055 14.023 0.91495 0.88168 -0.03636
0.50 0.80 1.00 123.434 18.138 0.75648 0.77419 0.02342
0.30 0.80 1.00 165.834 25.010 0.56306 0.59928 0.06431
1.00 0.50 1.00 124.391 25.575 0.75066 0.74533 -0.00710
0.80 0.50 1.00 125.777 22.691 0.74239 0.72263 -0.02661
0.50 0.50 1.00 141.272 25.788 0.66096 0.64880 -0.01840
0.30 0.50 1.00 180.216 33.306 0.51813 0.52129 0.00610
1.00 0.30 1.00 167.693 31.789 0.55682 0.57271 0.02853
0.80 0.30 1.00 171.653 31.460 0.54398 0.55921 0.02801
0.50 0.30 1.00 184.069 36.961 0.50728 0.51395 0.01315
0.30 0.30 1.00 213.197 38.895 0.43798 0.43053 -0.01700

1.00 1.00 0.80 102.417 11.930 0.91171 0.89700 -0.01614
0.80 1.00 0.80 107.952 12.956 0.86497 0.86433 -0.00074
0.50 1.00 0.80 123.335 17.658 0.75708 0.76078 0.00488
0.30 1.00 0.80 162.743 24.930 0.57376 0.59121 0.03041
1.00 0.80 0.80 115.333 17.410 0.80961 0.83065 0.02599
0.80 0.80 0.80 117.738 16.379 0.79307 0.80256 0.01196
0.50 0.80 0.80 131.961 16.900 0.70760 0.71251 0.00695
0.30 0.80 0.80 168.845 25.147 0.55302 0.56164 0.01558
1.00 0.50 0.80 137.610 21.255 0.67855 0.68799 0.01301
0.80 0.50 0.80 136.008 18.057 0.68654 0.66860 -0.02613
0.50 0.50 0.80 144.619 22.038 0.64566 0.60491 -0.06311
0.30 0.50 0.80 186.496 30.659 0.50068 0.49258 -0.01619
1.00 0.30 0.80 176.535 32.935 0.52893 0.53824 0.01760
0.80 0.30 0.80 184.951 36.285 0.50486 0.52630 0.04246
0.50 0.30 0.80 189.537 36.164 0.49265 0.48602 -0.01345

0.30 0.30 0.80 221.583 42.459 0.42140 0.41076 -0.02526
1.00 1.00 0.50 133.984 15.341 0.696Ql 0.69054 -0.00914
0.80 1.00 0.50 138.912 14.346 0.67219 0.67102 -0.00174
0.50 1.00 0.50 150.724 15.297 o.61951 0.60689 -0.02038
0.30 1.00 0.50 184.610 25.399 0.50580 0.49388 -0.02355
1.00 ). 80 0.50 11,5.9t5 16.508 o.63913 0.65054 0. 0165)
0.80 0.80 0.50 145.589 18.634 0.64136 0.63318 -0.01275
0.50 0f7.,0 0.50 156.9/8 20.520 0.59483 0.57577 -0. ()20,'4
0o.0 0).80 0.50 189.092 24.921 0.4)381 0.47308 -0 04109
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Table 17. Best-fit results for FDC crew
(undegraded mission time:
(93.375 s) (continued).

Crewmember Performance Mean SD Crew Predicted Fractional
F C H (s) (s) Performance by Fit Difference

1.00 0.50 0.50 171.036 23.184 0.54594 0.55965 0.02512
0.80 0.50 0.50 167.775 21.257 0.55655 0.54676 -0.01759
0.50 0.50 0.50 177.242 24.738 0.526E2 0.50341 -0.04443
0.30 0.50 0.50 202.601 27.660 0.46088 0.42311 -0.08195
1.00 0.30 0.50 212.758 41.553 0.43888 0.45637 0.03985
0.80 0.30 0.50 209.611 33.765 0.44547 0.44776 0.00514
0.50 0.30 0.50 220.650 37.541 0.42318 0.41826 -0.01162
0.30 0.30 0.50 237.129 40.228 0.39377 0.36129 -0.08249
1.00 1.00 0.30 199.124 21.458 0.46893 0.49128 0.04767
0.80 1.00 0.30 202.856 22.735 0.46030 0.48132 0.04566
0.50 1.00 0.30 208.158 23.009 0.44858 0.44741 -0.00261
0.30 1.00 0.30 225.230 26.479 0.41458 0.38283 -0.07657
1.00 0.80 0.30 205.803 22.368 0.45371 0.47069 0.03743
0.80 0.80 0.30 207.053 21.473 0.45097 0.46154 0.02343
0.50 0.80 0.30 214.312 27.083 0.43570 0.43027 -0.01246
0.30 0.80 0.30 239.124 29.276 0.39049 0.37021 -0.05192
1.00 0.50 0.30 227.842 27.096 0.40982 0.42120 0.02776
0.80 0.50 0.30 231.984 31.477 0.40251 0.41385 0.02819
0.50 0.50 0.30 238.886 27.625 0.39088 0.38853 -0.00600
0.30 0.50 0.30 254.987 36.194 0.36620 0.33889 -0.07456
1.00 0.30 0.30 270.894 34.346 0.34469 0.35990 0.04412

0.80 0.30 0.30 281.183 44.969 0.33208 0.35452 0.06758
0.50 0.30 0.30 279.526 45.571 0.33405 0.33578 0.00517
0.30 0.30 0.30 290,646 39.646 0.32127 0.29805 -0.07228
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Table 18. Best-fit results for tank crew
(undegraded mission time:
28.062 s).

Crewmember Performance Mean SD Crew Predicted Fractional
TC G L D (s) (s) Performance by Fit Difference

0.80 1.00 1.00 1.00 29.269 3.447 0.95876 0.97058 0.01232
1.00 0.80 1.00 1.00 28.129 3.209 0.99762 0.97807 -0.01960
0.80 0.80 1.00 1.00 30.154 2.902 0.93062 0.92338 -0.00778
0.50 1.00 1.00 1.00 33.957 3.489 0.82640 0.82517 -0.00149
1.00 0.50 1.00 1.00 33.567 3.986 0.83600 0.84226 0.00749
0.80 0.50 1.00 1.00 35.255 3.659 0.79597 0.80139 0.00680
0.50 0.80 1.00 1.00 35.574 3.889 0.78883 0.79080 0.00250
0.50 0.50 1.00 1.00 40.308 4,510 0.69619 0.69960 0.00489
0.30 1.00 1.00 1.00 42.989 4,989 0.65277 0.65170 -0.00164
1.00 0.30 1.00 1.00 41.624 6,690 0.67418 0.66757 -0.00981
0.80 0.30 1.00 1.00 44.522 6,196 0.63030 0.64163 0.01799
0.20 0.80 1.00 1.00 56.800 6.425 0.49405 0.50250 0.01710
0.50 0.30 1.00 1.00 49.791 6.321 0.56360 0.57468 0.01967
0.30 0.50 1.00 1.00 50.158 5.374 0.55947 0.57079 0.02023
0.30 0.30 1.00 1.00 59.920 7.150 0.46832 0.48481 0.03521

0.80 1.00 0.80 1.00 31.113 5.100 0.90194 0.90350 0.00173
1.00 0.80 1.00 0.80 30.269 2.751 0.92709 0.90876 -0.01977
0.80 0.80 0.80 0.80 34.007 4.068 0.82518 0.80812 -0.02068
0.50 1.00 0.50 1.00 43.562 10.171 0.64419 0.64829 0.00637
1.00 0.50 1.00 0.50 41.343 4.524 0.67876 0.66685 -0.01754
0.80 0.50 0.80 0.50 44.862 6.059 0.62552 0.61101 -0.02319
0.50 0.80 0.50 0.80 44.430 8.751 0.63160 0.59767 -0.05372
0.50 0.50 0.50 0.50 53.471 8.504 0.52481 0.48255 -0.08053
0.30 1.00 0.30 1.00 64.747 15.327 0.43341 0.41940 -0.03232
1.00 0.30 1.00 0.30 60.571 6.247 0.46329 0.448P8 -0.03112
0.80 0.30 0.80 0.30 64.655 7.502 0.43403 0.42286 -0.02572
0.20 0.80 0.30 0.80 75.645 16.959 0.37097 0.34271 -0.07619
0.50 0.30 0.50 0.30 73.515 8.361 0.38172 0.35707 -0.06456
0.30 0.50 0.30 0.50 74.043 12.731 0.37900 0.34315 -0.09458
0.30 0.30 0.30 0.30 92.668 14.796 0.30282 0.27455 -0.09338

1.00 1.00 0.80 1.00 29.669 3.953 0.94584 0.95579 0.01052
1.00 1.00 1.00 0.80 29.127 2.757 0.96344 0.95443 -0.00935
1.00 1.00 0.80 0.80 31.219 4.046 0.89888 0.88949 -0.01044
1.00 1.00 0.50 1.00 37.789 8.959 0.74260 0.76899 0.03554
1.00 1.00 1.00 0.50 36.257 5.445 0.77397 0.77999 0.00778
1.00 1.00 0.80 0.50 38.315 4.906 0.73240 0.73608 0.00501
1.00 1.00 0.50 0.80 39.167 10.617 0.71647 0.72548 0.01258
1.00 1.00 0.50 0.50 44.562 7.492 0.62973 0.62008 -0.01533
1.00 1.00 0.30 1.00 53.948 16.740 0.52017 0.54955 0.05649
1.00 1.00 1.00 0.30 48.399 4.738 0.57981 0.58838 0.01479
1.00 1.00 0.80 0.30 50.247 5.262 0.55848 0.56304 0.00816
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Table 18. Best-fit results for tank crew
(undegraded mission time:
28.062 s) (continued).

Crewmember Performance Mean SD Crew Predicted Fractional
TC G L D (s) (s) Performance by Fit Difference

1.00 1.00 0.30 0.80 52.559 12.942 0.53391 0.52697 -0.01301
1.00 1.00 0.50 0.30 55.807 8.206 0.50284 0.49256 -0.02045
1.00 1.00 0.30 0.50 60.075 16.473 0.46712 0.46905 0.00414
1.00 1.00 0.30 0.30 68.389 15.890 0.41033 0.39224 -0.04409

0.90 1.00 1.00 1.00 27.814 3.002 1.00892 1.00000 -0.00884
0.80 1.00 1.00 1.00 28.817 3.499 0.97380 0.97058 -0.00331
0.70 1.00 1.00 1.00 30.011 3.638 0.93506 0.93148 -0.00382
0.60 1.00 1.00 1.00 32.005 5.784 0.87680 0.88402 0.00823
0.50 1.00 1.00 1.00 34.209 3.629 0.82031 0.82517 0.00592
0.40 1.00 1.00 1.00 37.263 3.822 0.75308 0.75026 -0.00374
0.30 1.00 1.00 1.00 '2.925 4.607 0.65374 0.65170 -0.00312
0.20 1.00 1.00 1.00 54.915 6.985 0.51101 0.51615 0.01007
0.10 1.00 1.00 1.00 91.753 14.124 0.30584 0.31793 0.03952

1.00 0.90 1.00 1.00 27.957 3.207 1.00376 1.00000 -0.00374
1.00 0.80 1.00 1.00 28.319 2.977 0.99092 0.97807 -0.01297
1.00 0.70 1.00 1.00 29.723 3.112 0.94412 0.94266 -0.00154
1.00 0.60 1.00 1.00 31.247 3.455 0.89807 0.89855 0.00054
1.00 0.50 1.00 1.00 33.858 4.465 0.82881 0.84226 0.01622
1.00 0.40 1.00 1.00 36.448 4.839 0.76992 0.76830 -0.00211
1.00 0.30 1.00 1.00 43.332 7.335 0.64760 0.66757 0.03083
1.00 0.20 1.00 1.00 52.941 8.038 0.53006 0.52424 -0.01098
1.00 0.10 1.00 1.00 91.170 14.283 0.30780 0.31029 0.00809

1.00 1.00 0.90 1.00 28.505 4.193 0.98446 0.99684 0.01258
1.00 1.00 0.80 1.00 28.947 4.132 0.96943 0.95579 -0.01407
1.00 1.00 0.70 1.00 30.769 4.567 0.91202 0.90607 -0.00652
1.00 1.00 0.60 1.00 33.068 6.157 0.84862 0.84504 -0.00421
1.00 1.00 0.50 1.00 35.749 8.215 0.78497 0.76899 -0.02036
1.01 1.00 0.40 1.00 41.624 9.507 0.67418 0.67278 -0.00207
1.00 1.00 0.30 1.00 55.140 16.834 0.50892 0.54955 0.07983
1.00 1.00 0.20 1.00 76.463 22.704 0.36700 0.39120 0.06595
1.00 1.00 0.10 1.00 132.740 44.313 0.21141 0.19391 -0.08274

1.00 1.00 1.00 0.90 28.310 3.580 0.99124 0.99561 0.00441
1.00 1.00 1.00 0.80 29.879 3.262 0.93919 0.95443 0.01623
1.00 1.00 1.00 0.70 31.282 3.160 0.89707 0.90622 0.01020
1.00 1.00 1.00 0.60 33.192 3.494 0.84544 0.84900 0.00420
1.00 1.00 1.00 0.50 36.114 3.504 0.77704 0.77999 0.00380
1.00 1.00 1.00 0.40 41.305 4.185 0.6793) 0.69516 0.02322
1.00 1.00 1.00 0.30 49.094 4.714 0.57160 0.58838 0.02936
1.00 1.00 1.00 0.20 64.482 7.109 0.43519 0.44993 0.03387
1.00 1.00 1.00 0.10 109.445 11.716 0.25640 0.26346 0.02753
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Table 19. Best-fit results for ITV-TOW Crew
(undegraded mission time:
157.824 s).

Crew-member Performance Mean SD Crew Predicted Fractional
SL G Da L (s) (s) Performance by Fit Difference

0.80 1.00 1.00 1.00 162.926 4.935 0.96869 0.96960 0.00094
0.50 1.00 1.00 1.00 177.587 5.522 0.88871 0.88690 -0.00204
0.30 1.00 1.00 1.00 205.723 5.816 0.76717 0.76817 0.00131
1.00 0.80 1.00 1.00 176.789 5.384 0.89273 0.89306 0.00037
0.80 0.80 1.00 1.00 180.935 5.678 0.87227 0.86854 -0.00428
0.50 0.80 1.00 1.00 196.637 5.682 0.80262 0.80159 -0.00128
0.30 0.80 1.00 1.00 223.738 7.682 0.70540 0.70334 -0.00292
1.00 0.50 1.00 1.00 234.026 8.866 0.67439 0.67497 0.00086
0.80 0.50 1.00 1.00 239.131 8.594 0.65999 0.66087 0.00133
0.50 0.50 1.00 1.00 254.489 9.256 0.62016 0.62138 0.00197
0.30 0.50 1.00 1.00 281.568 10.536 0.56052 0.56067 0.00026
1.00 0.30 1.00 1.00 337.737 14.396 0.46730 0.46968 0.00509
0.80 0.30 1.00 1.00 341.848 14.035 0.46168 0.46281 0.00245
0.50 0.30 1.00 1.00 353.790 15.868 0.44610 0.44309 -0.00674
0.30 0.30 1.00 1.00 384.025 15.719 0.41097 0.41133 0.00086

1.00 1.00 1.00 0.80 166.522 5.424 0.94777 0.94837 0.00064
0.80 1.00 1.00 0.80 171.849 5.230 0.91839 0.92077 0.00260
0.50 1.00 1.00 0.80 186.606 6.219 0.84576 0.84588 0.00014
0.30 1.00 1.00 0.80 213.642 6.392 0.73873 0.73720 -0.00207
1.00 0.80 1.00 0.80 184.608 6.093 0.85491 0.85147 -0.00403
0.80 0.80 1.00 0.80 190.765 5.519 0.82732 0.82915 0.00221
0.50 0.80 1.00 0.80 205.345 6.459 0.76858 0.76792 -0.00085
0.30 0.80 1.00 0.80 234.372 6.348 0.67339 0.67728 0.00578
1.00 0.50 1.00 0.80 242.031 9.018 0.65208 0.65094 -0.00175
0.80 0.50 1.00 0.80 248.679 8.452 0.63465 0.63782 0.00499
0.50 0.50 1.00 0.80 264.326 9.542 0.59708 0.60096 0.00649
0.30 0.50 1.00 0.80 290.175 8.912 o.54189 0.54398 0.00017
1.00 0.10 1.00 0.80 345.089 14.501 0.45734 0.45712 0.00125
0.80 0.30 1.00 0.80 349.241 15.1b6 0.45191 0.45138 -0.00116
0.50 0.30 1.00 0.80 366.428 16.578 0.43071 0.43261 0.00440

0.30 0.30 1.00 0.80 392.880 15.756 0.4017' 0.40228 0.00141
1.00 1.00 1.00 0.50 192.296 7.700 0.82073 0.82218 0.00177
0.80 1.00 1.00 0.50 196.299 6.867 0.80400 0.80136 -0.00328
0.50 1.00 1.00 0.50 212.653 7.363 0.74217 0.74402 0.00250

aNo variation in driver performance.

64



Table 19. Best-fit results for ITV-TOW crew
(undegraded mission time:
157.824 s) (continued).

Crewmember Performance Mean SD Crew Predicted Fractional
SL G Da L (s) (s) Performance by Fit Difference

0.30 1.00 1.00 0.50 239.250 7.978 0.65966 0.65862 -0.00157
1.00 0.80 1.00 0.50 210.520 7.340 0.74969 0.74835 -0.00179
0.80 0.80 1.00 0.50 215.862 8.208 0.73113 0.73105 -0.00011
0.50 0.80 1.00 0.50 231.317 8.797 0.68228 0.68304 0.00110
0.30 0.80 1.00 0.50 258.199 9.577 0.61125 0.61038 -0.00142
1.00 0.50 1.00 0.50 267.275 9.079 0.59049 0.58890 -0.00270
0.80 0.50 1.00 0.50 273.892 9.744 0.57623 0.57814 0.00332
0.50 0.50 1.00 0.50 288.085 10.372 0.54784 0.54769 -0.00027
0.30 0.50 1.00 0.50 314.944 10.910 0.50112 0.49997 -0.00229'
1.00 0.30 1.00 0.50 369.950 14.509 0.42661 0.42632 -0.00067
0.80 0.30 1.00 0.50 370.212 14.026 0.42631 0.42065 -0.01326

0.50 0.30 1.00 0.50 391.071 14.022 0.40357 0.40430 0.00181
0.30 0.30 1.00 0.50 417.531 16.399 0.37799 0.37769 -0.00081
1.00 1.00 1.00 0.30 238.261 10.797 0.66240 0.66727 0.00736
0.80 1.00 1.00 0.30 240.860 11.032 0.65525 0.65349 -0.00269
0.50 1.00 1.00 0.30 256.597 10.614 0.61507 0.61485 -0.00035
0.30 1.00 1.00 0.30 283.046 12.202 0.55759 0.55534 -0.00403
1.00 0.80 1.00 0.30 255.373 9.775 0.61801 0.61780 -0.00034
0.80 0.80 1.00 0.30 259.813 8.873 0.60745 0.60597 -0.00244
0.50 0.80 1.00 0.30 276.243 9.695 0.57132 0.57260 0.00224
0.30 0.80 1.00 0.30 304.458 12.528 0.51838 0.52065 0.00438
1.00 0.50 1.00 0.30 311.031 10.873 0.50742 0.50494 -0.00490
0.80 0.50 1.00 0.30 318.653 11.660 0.49528 0.49701 0.00347
0.50 0.50 1.00 0.30 331.547 11.507 0.47602 0.47433 -0.00355
0.30 0.50 1.00 0.30 360.829 12.542 0.43739 0.43812 0.00166
1.00 0.30 1.00 0.30 413.889 16.507 0.38132 0.38052 -0.00211

0.80 0.30 1.00 0.30 417.046 15.533 0.37843 0.37599 -0.00645
0.50 0.30 1.00 0.30 433.200 17.662 0.36432 0.36287 -0.00397
0.30 0.30 1.00 0.30 465.502 18.800 0.33904 0.34129 0.00664

aNo variation in driver performance.
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APPENDIX E

SELECTED PLOTS OF CREW PERFORMANCE VERSUS CREWMEMBER PERFORMANCE.

This appendix contains graphs (Figs. 10 through 13) of crew

performance as a function of individual crewmember performance for the

four crew types.* Each graph is a "slice" through the four-

dimensional performance surface given by Eq. (9). In each case the

performance level of two crewmembers is held constant at the values

indicated on the graph. The performance level of a third crewmember is

the independent variable, ranging from I to 0. The four curves cor-

respond to performance levels of 0.3. 0.5. 0.8. and 1.0 for the fourth

crewmember whose symbol does not appear in the frame.

*In these plots, the crewmember titles are abbreviated as:

A - Assistant gunner
C'= Computer
C - Chief of section
D - Driver
F - Fire direction officer
G - Gunner
H = Horizontal control operator
L = Loader
S - Squad leader
T = Tank commander

67

.1,*{



M-109 GUN CREW FRAME I OF 12

C105 :05 C: 0.50
L: 1.0 L:0.80L: 0.50

P ~PP

0.80 C 0.80C: 0.80
L: 1.0 L: .801: 0.50

P P

1 p(G 0 1 P () 0 DC)

C:10 :10 C: 1.00
1.00 L 0.801: 0.50

p .

Figure 10. Final performance plot for gun crew.
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M-109 GUN CREW FRAME .2

A 0.0A: 0.50 A: 0.50
A1-10 : 0.80 L: 0.50

A 0.0A: 0.80 ,A: 0.80
L: 1.00 L1: 0.80L:05

A 1.0A: 1.00 A: 1.00
1.00 L 0.80L: 0.50

~(G)

Figure 10. Final performance plot for gun crew (continued).
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M-109 GUN CREW FRAME

A: 0.0 A:0.50A: 0.50
C: 1.0 C:0.80C: 0.50

p(C) 0 1 (C-)

A 080A: 0.80 A: 0.80
C ý : 1.0 C:0.80C: 0.50

4P

A: 1.0 A:1.00A: 1.00
1.00 C 0.80C: 0.50

p

CCC) 3 3 c)

Figure 10. Final performance plot for gun crew (continued).

70

1 Ila* ~



M-109 GUN CREW ~ A ME 4 1~ 2

C: 0.50 C: 0.50 C:. 0.50
L: 1 .00 L: 0.80 L: 0.50

C: 0.0 C:0.80C: 0.80

L: 1.0 L: .801: 0.50

L: 1.00 C: 1.00
1: 0.80 1: 0.50

(CA) 3 (A)

Figure 10. Final performance plot for gun crew (continued).
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M-109 GUN CREW FAES3c 12

G:050: 0.50 0 : 0.50
L 1.0L: 0.80 L: 0.50

p P.

(A) P(A)

0.80 G 0.80G: 0.80
LL: .00L: 0801: 0.50

o'A) i. (CA) .

G: 1.00 G: 1.00

1: 1.00L 0.0 G: 1.00
L: 0.80L: 0.50

Figure 10. Final performnance plot for '1un crew (continued).



M-109 GUN CREW F.RA;IE -1 O 12

G: 0.0 G:0.50G: 0.50

G:______ 1.00A~

Figure 10. Final performance plot for gun crew (continued).
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M-109 GUN CREW F R.A,: - Lc Z

A: 0.50 I- A: 0.50 A: 0.50
SL: 1.00 L 1: 0.80 L: 0.50

I i ,t~

A: 0.Z A, 0.80 A: 0.80
j L: 1.00 : 0.80 L: 0.50
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A: 1.00 -• A: 100 -G A. 1.00
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Figure 10. Finai perfor aner-e plot for .,,un rre'# (contimned).
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Figue 1. Fnalperformance plot for gun crew (continued).

75



M-109 GUN CREW FRAME 9 OF 12

1 :0. 50 G: 0.50 G: 0.50
A: 1.00 A: 0.80 A: 0.50

P PC P C

G:0.80 G: 0.80 ; G: 0.80
A:* 1.00 A: 0.80 A: 0.50

3 - 1

IG: 1.00 1G: 1.00 G: 1.00
A: 1.00 A: 0.80 A: 0.50

~(C) ,

Figure 10. Final performance plot for gun crew (coo1tinued).
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Figure 10. Final performance plot for gun crew (continued).
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Figure 10. Final performance plot for gun crew (continued).
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Figure 10. Final performance plot for gun crew (continued).
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Figure 1.1. Final performance plot for FOG crew.
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Figure 11. Final performance plot for FDC crew (continued).
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Figure 11. Final performance plot for FOG crew (continued).
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Figure 12. Final performance plot for tank crew.
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Figure 12. Final perform~ance plot for tank crew (continued).
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Figure 12. Final performiance plot for tank crew (continued).

85



M60A3 TANK CREW FRAM¶E 4 OF 12

L: 0.50 L: 0.50 L: 0.50
D: 1.00 D: 0.80 D: 0.50

L: 0.80 L1 : 0.80 L: 0.80
D: 1.00 D: 0.80 D: 0.50

L: 1.00 L: 1.00 L: 1.00
0: 1.00 D: 0.80 D: 0.50

-4

.171
""j~) I 1,(c

Figure 12. Final performance plot for tank crew (continued).
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Figure 12. Final performance plot for tank crew (continued).
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Figure 12. Final performance plot for tank crew (continued).
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Figure 12. Final performance plot for tank crew (continued).
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Figure 12. Final performance plot for tank crew (continued).
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Figure 12. Final performadnce plot for tank crew (continued).
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Figure 12. Finai performance plot for tank crew (continued).
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Figure 12. Final performan~ce plot for tank crew (continued).

93



M60A3 TANK CREW FRAME i2 312

T: 0.50 T: 0.50 T: 0.50
G: 1 .00 G: 0.80 G: 0.50

P PP

T: 0.80 1T: 0.80 T: 0.80
G: 1.00 G: 0.80 1G: 0.50

______ P4 P

T: 1.00 1T: 1.00 1T: 1.00
G: 1.00 G: 0.80 IG: 0.50

0 0* 0
O()3 00 3 1 00

Figure 12. Final performance plot for tank crew (continued).
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Figure 13. Final performance plot for ITV-TOW crew.
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Figure 13. Fin~al performance plot for ITV-TOW crew (continued).
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Figure 13. Final performance plot for ITV-TOW crew (continued).
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Figure 13. Final performance plot for ITY-TOW crew (continued).
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Figure 13. F~nal performance plot for ITV-TOW crew (continued).
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Figure 13. Final performance plot for ITV-TOW crew (continued).
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Figure 13. Final performance plot for IrV-TOW crew (continued).
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Figure 13. Final performance plot for ITV-TOW crew (Con~tinued).
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Figure 13. Final performance plot for ITIV-TOW crew (continued).
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Figure 13. Final performance plot for ITV-TOW crew (continued).
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Figure 13. Final performance plot for ITV-TOW crew (continued).
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APPENDIX F

CREW PERFORMANCE DATA

Performance as a function of dose and time is tabulated for the

four crews in Tables 20 through 23. The times range from 0.2 h to

1258.93 h, and the doses range from 61.1 to 4529.9 rads.
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APPENDIX G

THREE-DIMENSIONAL PLOTS OF PERFORM4ANCE OVER DOSE AND TIME

a. Gun crew.

10 1, 30 1

b. FCC crew.

10021



c. Tank crew.

jo0 - S

d. ITV-TOW crew.
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APPENDIX H

CONTOUR PLOTS OF PERFORMANCE OVER DOSE AND TIME

(10 PERCENT PERFORMANCE INTERVALS)

a. Gun crew.

a 1
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e. Tank crew.

Inaaitto

Alm
3D£

200.1

20M

0.w. 10 2 0 10 20 50 10
1000- 40i

2W

- -00

0.2 0.5 1 S 1 20 so 100 200 500 1000

Tim. fhl

4124



DISTRIBUTION LIST

DNA-TR-8.& 173

DEPARTMENT OF DEFENSE 3 CYS ATTN: FCPRT
ATTN: NUC SECURITY

ARMED FORCES RADIOBIOLOGY RSCH INST
ATTN: AFFRI-DEPT OF RAD BIOCHEM INTELLIGENCE CENTER, PACIFIC
ATTN: BHS ATTN: COMIPAC
ATTN: DIRECTOR
ATTN: EXH INTERSERVICE NUCLEAR WEAPONS SCHOOL
ATTN: MRA ATTN: TTV
ATTN: PHY 2 CYS ATTN: TTV 3416TH TTSQ
ATTN: RSD JOINT DATA SYSTEM SUPPORT CTR
ATTN: SCIENTIFIC DIRECTOR ATTN: CS312

ATTN: TECHNICAL UBRARY ATlN: C-332

ASSISTANT SEC OF DEF (C31) NATIONAL DEFENSE UNIVERSITY
ATTN: DIR (S&TNFC3) ATTN: ICAF, TECH LIB

ASSISTANT SECRETARY OF DEFENSE ATTN: NWCLB-CR
INTERNATIONAL SECURITY POLICY ATTN: LIBRARY

ATTN: NUC FOR & ARMS CNTRL PLCY ATTN: STRAT CONCEPTS DIV CTR

ASSISTANT TO THE SECRETARY OF DEFENSE NATIONAL SECURITY AGENCY
ATTN: EXECUTIVE ASSISTANT ATTN: CHIEF A4213

ATTN: MIL APPL NET ASSESSMENT
A TN: MIL APPL, C FIELD ATTN: DOCUMENT CONTROL

DEFENSE INTELLIGENCE AGENCY OFFICE OF THE SEC OF DEFENSE
ATTN: DB

5 CYS ATTN: DB-4, PSCH RESOURCES DIV ATTN: NAVAL FORCES
ATTN:DB-5CATTN. STRATEGIC PROG & TNFATTN: DB-5C

ATTN: DB-6 STRATEGIC AND THEATER NUCLEAR FORCES
ATTN: DIA/VPA-2 ATTN: DR E SEVIN
ATTN: DN ATTN: DR SCHNEITER
ATTN: DT
ATTN: OFFICE OF SECURITY STRATEGIC TARGET PLANNING
ATTN: OS ATTN: JVC (ATTN: DNA REP)
ATTN: RTS-2B ATTN: JLT

ATTN: JP
DEFENSE INTELLIGENCE COLLEGE ATTN: JPTP

ATTN: DIC/RTS.2
ATTN: DIC/2C THE JOINT STAFF

ATTN: ED30 J-3 STRAT OPS DIVDEFENSE LOGISTICS AGENCY ATTN: J-3 SPECIAL OPERATIONS
ATTN: COMMAND SECURITY OFC ATTN: J-3 NUC OPERATIONS BR

DEFENSE NUCLEAR AGENCY ATTN J-5 NUC & CHEMICAL DIV
ATTN: CID ATTN: JAD/SFD
ATTN: Dý-RA ATTN JAD/SSD
ATTN: DFSP G ULLRICH ATTN JSOA
ATTN- NANF ATTN SAGA

ATTN- NANFATTN NASF U S EUROPEAN COMMAND/ECJ.3
ATTN: OPNA ATTN ECJ.3
ATTN: OPNS
ATTN: RAEE U S EUROPEAN COMMAND/ECJ-5NPG

20CYS ATTN RARP ATTN ECJ 5
4 CYS ATTN. TITL

U S EUROPFAN COMMAND/ECJ6 OJ
DEFENSE NUCLEAR AGENCY ATTN ECJ6

ATTN TDNM
2 CYS ATTN: TDTT W SUMMA U S EUROPEAN COMMANr3/ECJ2-T

ATTN ECJ2 T (TGTS DIV)
DEFENSE TECHNICAL INFORMATION CENTER

2 CYS ATTN DTIC/FDAB U S EUROPEAN COMMAND/ECJ4.LW
ATTN ECJ4 LW

FIELD COMMAND DEFENSE NUCLEAR AGENCY
ATTN FCPR

Dist I



DNA-TR.S8-173 (DL CONTINUED)

U S EUROPEAN COMMAND/ECJ5-N U S ARMY FIELD ARTILLERY SCHOOL
ATTN: ECJ5-N (NUC BRANCH) ATTN: ATSF-CD

U S EUROPEAN COMMAND/ECJ7/LW U S ARMY FORCES COMMAND
ATTN: ECJ.7 LW ATTN: AF-OPTS

UNDER SEC OF DEFENSE FOR POLICY U S ARMY HUMAN ENGINEERING LAB

ATTN: DUSP/P ATTN: DIRECTOR
ATTN: USD/P ATTN: DR O HODGE

UNDER SECRETARY OF DEFENSE U S ARMY INFANTRY CTR & SCH
ATTN: CHAIRMAN PSEAG ATTN: ATSH-CD-CSO
ATTN: CHAIRMAN DEF SCIENCE BD

2CYS ATTN: C31 U S ARMY INTEL THREAT ANALYSIS DET
ATTN: IAX-Z

DEPARTMENT OF THE ARMY U S ARMY MATERIEL COMMAND

ARMY RESEARCH INSTITUTE ATTN: DRCDE-D

ATTN: COMMANDER ATTN: DRCSS

COMBAT MATERIAL EVAL ELEMENT U S ARMY NUCLEAR & CHEMICAL AGENCY

ATTN: SECURITY ANALYST ATTN: MONA-NU
ATTN: MONA-ZB

DEP CH OF STAFF FOR OPS & PLANS
ATTN: DAMO-FDQ U S ARMY TRAINING AND DOCTRINE COMD

ATTN: DAMO-NCN ATTN: ATCD-AO

ATTN: DAMO-NCN(NUC CHEM DIR) ATTN: ATCD-FA

ATTN: DAMO-ZXA ATTN: ATCD-N. CBT DEV. NUC DIR
ATTN: ATOO-NCO

DEPARTMENT OF THE ARMY
ATTN: DAMO-NCZ U S ARMY WAR COLLEGE

ATTN: DAMO-OD ATTN: LIBRARY

ATTN: DAMO-ODSO ATTN: STRATEGIC STUDIES

ATTN: r.APE-HRE US ARMY MATERIEL SYS ANALYSIS ACTVY
ATTN: SRD-ZCS (MAJ ADAMS) ATTN: DRXSY-DS

HARRY DIAMOND LABORATORIESATTN: SLCIS-IM-TL (TECH LIB) USA MILITARY ACADEMY
ATTN: DEPT OF BEHAV SCI & LEADERSHIP

JOINT SPECIAL OPERATIONS COMMAND ATTN: DIR NATL SECURITY STUDIES

ATTN: J-2 USA SURVIVABILITY MANAGMENT OFFICE
ATTN: J-5 ATTN: SLCSM-SE J BRAND

U S ARMY AIR DEFENSE SCHOOL USACACDA
ATTN: COMMANDANT ATTN: ATZL-CAD-N

U S ARMY ARMAMENT RSCH DEV & ENGR CTR
ATTN: DRDAR.LCN-F DEPARTMENT OF THE NAVY

U S ARMY ARMOR SCHOOL FLEET INTELLIGENCE CENTER
ATTN: ATSBCTD ATTN: FICPAC, CODE 21
ATTN: TECH LIBRARY MARINE CORPS

U S ARMY BALLISTIC RESEARCH LAB ATTN: CODE PPO

ATTN: AMXBR-VLD.R DR RAINIS ATTN: PSI G/RASP

ATTN: AMXBR-VLD DR KLOPCIC MARINE CORPS DEV & EDUCATION COMMAND
ATIN: DRDAR-BLAS. TECH LIB ATTNE LIRARY
ATTN: DRDAR-BLT ATTN: LIBRARY

ATTN: SLCBR-D NAVAL OCEAN SYSTEMS CENTER

U S ARMY CHEMICAL SCHOOL ATTN: CODE 9642-B

ATTN: ATZN.CM-M NAVAL PERSONNEL RES & DEV CENTER

U S ARMY COMD & GENERAL STAFF COLLEGE ATTN: CODE P302

AT' N: ATZL-SWJ CA NAVAL POSTGRADUATE SCHOOL
ATT*J: ATZL.SWT.A ATTN: CODE 1424 LIBRARY

U S ARMY CONCEPTS ANALYSIS AGENCY
ATTN: TECHNICAL LIBRARY

Dist-2



ONA.TR-88-173 (DL CONTINUED)

NAVAL RESEARCH LABORATORY AIR UNIVERSITY LIBRARY
ATTN: CODE 1240 ATTN: AUL-LSE
ATTN: CODE 2627 (TECH LIB) ATTN: LIBRARY

NAVAL SEA SYSTEMS COMMAND ASSISTANT CHIEF OF STAFF
ATTN: PMS-423 2 CYS ATTN: AF/SAMI
ATTN: SEA-09G53 (LIB)
ATTN: SEA-6631 ASSISTANT CHIEF OF THE AIR FORCE

ATTN: SAF/ALR
NAVAL SURFACE WARFARE CENTER

ATTN: CODE F-31 DEPUTY CHIEF OF STAFF/XOX
ATTN: G GOO ATTN: AFXOOSS

ATTN: AFXOXFM
NAVAL TECHNICAL INTELLIGENCE CTR

ATTN: NTIC-DA30 FOREIGN TECHNOLOGY DIVISION, AFSC
ATTN: CCN

NAVAL WAR COLLEGE ATTN: SDA
ATTN: CODE E-II TECH SVC
ATTN: CTR FOR NAV WARFARE STUDIES SPACE DIVISION/YH
ATTN: DOCUMENT CONTROL ATTN: YH
ATTN: LIBRARY
ATTN: STRATEGY DEPT STRATEGIC AIR COMMAND/ADWN

ATTN: ADWN
NAVAL WEAPONS EVALUATION FACILITY

ATTN: CLASSIFIED LIBRARY STRATEGIC AIR COMMAND/SPD
ATTN: SPD

NUCLEAR WEAPONS TNG GROUP, ATLANTIC
ATTN: CODE 222 STRATEGIC AIR COMMAND/STIC
ATTN: DOCUMENT CONTROL ATTN: 544 SIW/DI (STIC)

NUCLEAR WEAPONS TNG GROUP, PACIFIC STRATEGIC AIR COMMAND/XOXO
ATTN: CODE 32 ATTN: XOXO
ATTN: DOCUMENT CONTROL STRATEGIC AIR COMMAND/XPX

OFFICE OF CHIEF OF NAVAL OPERATIONS ATTN: XPZ
ATTN: NIS-22
ATTN: NOP 06D STRATEGIC AIR COMMAND/XRFS

2 CYS ATTN: NOP 403 ATTN: XRFS

ATTN: NOP 50 TACTICAL AIR COMMAND/XPSC
ATTN: NOP60 ATTN: TAC/DOA
ATTN: NOP 60D
ATTN: NOP 603 U S AIR FORCE ACADEMY
ATTN: NOP91 ATTN: LIBRARY
ATTN: OP 654 ATTN: USAFA/SP
ATTN: OP 981

USAF SCHOOL OF AEROSPACE MEDICINE
OPERATIONAL TEST & EVALUATION FORCE ATTN: RADIATION SCIENCES DIV

ATTN: COMMANDER
WEAPONS LABORATORY

PLANS, POLICY & OPERATIONS ATTN: WL/SUL
ATTN: CODE-P
ATTN: CODE-POC-30 DEPARTMENT OF ENERGY

TACTICAL TRAINING GROUP. PACIFIC LAWRENCE LIVERMORE NATIONAL LAB
ATTN: COMMANDER ATTN: PAUL T HERMAN

DEPARTMENT OF THE AIR FORCE ATTN: Z DIVISION LIBRARY

LOS ALAMOS NATIONAL LABORATORY
AFIA/INIS ATTN: REPORT LIBRARY

ATTN: AFIA/INKO ATTN: T DOWLER

AFIS/INT SANDIA NATIONAL LABORATORIES
ATTN: INT ATTN: DIV 9013, W LING

AIR UNIVERSITY ATTN: TECH LIB

ATTN: STRATEGIC STUDIES

Dist.3



DNA-TR.88-173 (DL CONTINUED)

OTHER GOVERNMENT KAMAN SCIENCES CORPORATION
ATTN: DASIAC

CENTRAL INTELLIGENCE AGENCY

ATTN: COUNTER-TERRORIST GROUP PACIFIC-SIERRA RESEARCH CORP

ATTN: DIRECTOR OF SECURITY 2 CYS ATTN: G H ANNO

ATTN: MEDICAL SERVICES ATTN: H BRODE

ATTN: NIO- 2 CYS ATTN: M A DORE

ATTN: N10 STRATEGIC SYS PACIFIC-SIERRA RESEARCH CORP
ATTN: R & D SUBCOMMITTEE ATTN: D GORMLEY
ATTN: TECH LIBRARY 2 CYS ATTN: G MCCLELLAN

FEDERAL BUREAU OF INVEST ACADEMYATIN BEAVIOAL SCH NITR & D ASSOCIATES
ATTN: BEHAVIORAL RSCH UNIT ATTN: C MCDONALD
ATTN: LIBRARY 2CYS ATTN: DOCUMENT CONTROL

FEDERAL EMERGENCY MANAGEMENT AGENCY R & D ASSOCIATES
ATTN: ASST ASSOC DIR FOR RSCH ATTN: J THOMPSON
ATTN: CIVIL SECURITY DIVISION
ATTN: G ORRELL NP-CP SCIENCE APPLICATIONS INTL CORP
ATTN: OFC OF CIVIL DEFENSE ATTN: DOCUMENT CONTRCL

U S DEPARTMENT OF STATE ATTN: E SWICK

ATTN: PM/STM ATTN: J MARTIN
ATTN: J WARNER

U S NUCLEAR REGULATORY COMMISSION ATTN: M DRAKE

ATTN: DIR DIV OF SAFEGUARDS ATTN: R J BEYSTER

ATTN: S YANIV SCIENCE APPLICATIONS INTL CORP

DEPARTMENT OF DEFENSE CONTRACTORS ATTN: B BENNETT
ATTN: DOCUMENT CONTROL

ADVANCED RESEARCH & APPLICATIONS CORP ATTN: J FOSTER

ATTN: SECURITY OFFICE ATTN: J PETERS
ATTN: JSHANNON

AEROSPACE CORP ATTN: L GOURE
ATTN: LIBRARY ACQUISITION ATTN: M FINEBURG

ATTN: W LAYSON
BDM INTERNATIONAL INC

ATTN: C SOMERS SCIENCE APPLICATIONS INTL CORP
ATTN: C WASAFF ATTN: R CRAVER
ATTN: J BRADDOCK

SYSTEMS RESEARCH & APPLICATION CORP
DATA MEMORY SYSTEMS. INC ATTN: R STEELE

ATTN: T DUPUY ATTN: S GREENSTEIN

KAMAN SCIENCES CORP
ATTN: DASIAC
ATTN: E CONRAD

Dist-4


